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AN IMPROVED MULTIPLE LINEAR REGRESSION AND DATA
ANALYSIS COMPUTER PROGRAM PACKAGE
by Steven M. Sidik
Lewis Research Center

SUMMARY

NEWRAP is a digital computer program which can be used with ease to perform ex-
tensive regression analyses or a simple least-squares curve fit. The program is writ-
ten in FORTRAN IV, version 13, for the IBM 7094/7044 DCS. The major value of the
program is the comprehensiveness of its calculations and options.

NEWRAP computes the variance-covariance matrix of the independent variables,
regression coefficients, t-statistics for individual tests, and analysis of variance tables

for overall testing of regression. There is a provision for a choice of three strategies
for the variance estimate to be used in computing t-statistics.

Also, more than one set of responses of dependent variables can be analyzed for the
same set of independent variables.

A backward rejection option method based on the first dependent variable may be
used to delete nonsignificant terms from the model. In this case, a critical significance
level is supplied as input. The least significant independent variable is deleted and the
regression recomputed. This process is repeated until all remaining variables have
significantly nonzero coefficients.

The NEWRAP program uses the triangular form of symmetric matrices throughout.
It also allows for the use of weighted regression, computation of predicted values at any
combination of independent variables, a table of residuals, and plots of residuals.

By use of CRSPLT, a preregression analysis may be performed which may aid in
the choice of model to use in NEWRAP. This program accepts the same raw data in the
same format and computes the variance-covariance matrix and correlation matrix of all
the variables and an eigenvector decomposition of the variance-covariance matrix cor-
responding to the independent variables. Microfilm plots are then printed of specified
pairs of variables. Punched output of residuals and predicted values from NEWRAP can
also be used for more complicated residual plots than the direct use of the plotting op-
tion NEWRAP permits.

When a quadratic response function has been estimated (as for example in optimum-
seeking experimentation) CREDUC may be used to obtain all information necessary for a
canonical analysis of the function.

The three programs together provide a useful data analysis package that can be ap-
plied to a large variety of common research and development situations.
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INTRODUCTION

RAPIER (ref. 1) is a very flexible multiple linear regression analysis computer
program which has been in frequent use at the NASA Lewis Research Center. It was
tested with the data presented in Wampler (ref. 2) and performed quite poorly. This
alone was not very disturbing since real data are seldom even nearly as ill-conditioned
as that set of data. A second factor, however, is that Wampler's data leads to a 5 by 5
matrix to be inverted whereas RAPIER is designed to handle matrices of up to 60 by 60.
With real data it is not uncommon for the matrix to become more ill-conditioned as the
dimension increases. Often the user increases the size of the model by adding terms
which are functions of the original independent variables (as for example in polynomial
models) and this often leads to increased correlations and ill-conditioning. For this
reason, RAPIER was modified primarily by rearranging the storage of variables in
COMMON blocks and performing all the regression calculations in double precision.
This was done without losing any of the capabilities of the original program (in fact add-
ing new options). The resulting version is called NEWRAP.

It may be of interest to some RAPIER users that in a number of sample calculations
the major numerical inaccuracies arising in the regression calculations were not in-
volved in the actual inversion of the X'X matrix but in the calculation of the inner pro-

ducts which give
b = (x'x) " 1(x"y)

Thus a major improvement might be made by computing inner products in double pre-
cision arithmetic and truncating to single precision answers without going to complete
double precision arithmetic although the latter alternative would further increase the
accuracy. As a matter of fact, the double precision inner product calculation is used in
a different least-squares method proposed by Golub (ref. 3) which is reference 19 of
Wampler's paper.

It should be pointed out that in estimation problems an alternative to the obvious step
of more accurate routines is provided by Hoerl and Kennard (ref. 4). They present a
technique called ''ridge regression'' which uses the method of minimum mean squared
error estimation in place of minimum variance unbiased estimation. The ridge regres-
sion technique should have some definite appeal to statisticians, because it recognizes
the fact that existence of ill-conditioned data indicates a problem which should be ac-
counted for statistically as well as computationally. They do consider the problem of
rejecting terms but their methods are not amenable to incorporation in NEWRAP in its
present form.

A second reason for modifying the program was the desire to provide plots of the
residuals as was strongly recommended in chapter 3 of Draper and Smith (ref. 5). With
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the microfilm plotting capabilities provided by CINEMATIC (ref. 6) available at the
Lewis Research Center computer facility, this feature was also added to NEWRAP with-
out significantly increasing printed output. CINEMATIC is a very specialized set of
routines for the 7094/7044 DCS and 360/67 systems. If microfilm plotting is not avail-
able at other computer installations, the subroutines used in plotting may readily be
changed to routines which produce line printer plots or CALCOMP plots however.

The RAPIER program used an algorithm for the coefficient calculations that inverted
the correlation matrix and then converted this to the (X'X)'1 matrix to calculate f)
After inspection of several test cases, it seemed that this method did not improve the
accuracy of the calculation of (X'X)'l. Thus it was dropped and NEWRAP inverts X'X
directly.

As with the RAPIER report, only the statistics and mathematies necessary to ex-
plain the program capabilities will be presented along with illustrative input and output
listings and listings of the programs.

SYMBOLS
B matrix
b vector (column)
bi true regression coefficient
Bi estimated regression coefficient
b0 constant term
bl’ e ey bJ unknown parameters
C correlation matrix
i elements of C
D indicator variable, equal to 0 if no b0 coefficient is estimated and
equal to 1 if b0 is estimated
E(x) expected value of x (i.e., mean of X over all possible values
of x)
e vector of observed values minus predicted values
Fa, d statistic distributed as variance ratio with a and d degrees of
freedom
fj(zl’ e ey zK) term of regression equation
H0 statistical hypothesis to be tested



LOF
M
MS{source)

alternate hypothesis to be accepted if Hy is judged to be false
number of coefficients estimated, excluding by,

number of independent variables observed

number of segments or cells in range of possible studentized residuals

lack of fit

total number of independent and dependent variables

mean square due to source, where source is REG, RES, etc.
number of observations

pooled degrees of freedom for replication error

normal distribution with mean u and variance o2
number of sets of replicates

regression

replication

residual

number of replicates in set i

diagonal matrix

sum of squares correctionif D=1, and 0if D=0

sum of squares due to source, where source is REG, RES, etc.
elements of diagonal matrix

total

statistic distributed as Student's t with n degrees of freedom
variance of x, expected value of (x - E(x))2

matrices

vectors (column)

stationary point of estimated quadratic surface

byl

J

N
i§1 *ij

Z |-

vector (column)

studentized residual



Z1s - - ey Zg variables

€ vector of observation errors

My mean of x defined as E(x)

I estimate of u based on observation of random sample
0}2{ variance of x defined as V(x)

82 estimate of 02 based on observation of random sample

Superscript:

' transpose

ESTIMATION OF BASIC LINEAR MODEL

BASIC LINEAR MODEL

In multiple linear regression, a dependent or response variable Y (such as temper-
ature or pressure) measured on an object or experiment is assumed to be correlated

with a function of one or more other variables (Zl’ R zK) measured on the same ob-
ject or experiment. This function includes a number of unknown parameters
by - oy bJ) and can be represented as

y=h(b1,...,bJ, Zl""’ZK)+€ (1)

The only restriction imposed on this function is that it be linear in the parameters; that
is, the function is of the form

J
y = '21 bjfj(zl, c ey Zg) tE (2)
]:

where fj(zl’ “ e e zK) is a TERM of the regression equation. (A TERM is a quantity
which may be a variable or a function of a variable, e.g., T is a TERM and 7Z, after
it is defined as Z = log T, is also a TERM.)

Suppose that there are N observations of the dependent variable. Let the subscript
i indicate that the values are associated with the ith observation; in particular, the
value of the response variable ] would depend on the observed values of the variables

-.th

(zil’ c e ey ZiK)' Also, let the subscript j denote the j= term in the regression



model so that x.. = fj(zil’ N ZiK) describes the transformations of the

ij
Zigp - - 0 %K to produce the value of Xij for the jth term at the ith observation.
The regression model can now be rewritten as
Yi=b1xi1+b2Xi2+'"+bJXiJ+€i i=1 ..., N (3)

where €; denotes the difference between the observed value and the expected value of
Vi For the N observations, it is convenient to write this regression model in matrix

notation as y =Xb + € where

¥q )
y =
YN
X11 ...... X].J
X =
N1 ANJ
r (4)
by
b =
by
€1
€ =




More often than not, the analyst feels the following model is more appropriate:
yi=b0+b1x11+"’+beiJ+€i i=1, ..., N (5)

Let ag =bg + bli 1t ..+ in J° Then, the result of adding this equation to and sub-
tracting it from equation (5) and rearranging the terms is

Vi =(bg+byX g +. .. +bx )

+b1(xil'§.1)+'"+bJ(XiJ'§.J)+€i i=1, ..., N (6)

If, then, a dummy variable Xy is introduced such that, for all values of i, X0 = 1.0,
equation (6) may be written as

yi=aOXiO+b1(Xil_§.1)+'"+bJ(XiJ_§.J)+Ei i=1, ..., N (6a)

Equation (6a) now resembles equation (3) and may be written in matrix notation, similar
to equation (4), as y = Xb + ¢ where now

Y1
y:
N
L0 xy-% X3 "X 3
Lo xpy-%X 4 Xp3 "X 3
X =
L0 x-% Ny TXg r
(7
29
by
b=| -
by
€1
€=
€N J




ESTIMATING b

Equations (4) and (7) are similar in form and for N > J are an overdetermined set
of linear equations. There will be some vector b which is a '"best" vector to use. I
the vector e is composed of random variables e; such that E(ei) =0, V(e;) = o2 < 400,
and the €; are uncorrelated, then as is well known, the method of least squares gives
the linear minimum variance unbiased estimators b for b. And b is given by

b= (x'X) " 1xy (8)

The matrix X'X divided by N - 1 is called the moment matrix of the experiment.
The variance-covariance matrix of b is given by

V(b) = o2(x'x)"! (9)

It is important to note that when the form of equation (7) is used, X'X is given by

N 0 Lo 0
N N
— .9 — _
0 ‘12 (X7 - % 4) S ? (x5 - X Pz - % )
X'X =
N _ _ N _
0 >1: (% - Py -x 9 - - 21: (x5 - % )

(10)

This is seen to be symmetric and of the form

A 0
X'X =
0 B
Hence,
, A o
(X'X) " =
0 B~



NEWRAP uses this relation to advantage by storing only the lower triangular part

of B and computing only the coefficients b 1 or b I by matrix manipulations. Then
bO is given by the simple equation

b0=Y‘b1X.1'b2X.2-..--bJX.J (11)
where y = Zyi/N = 5.0. It can also be shown that

h Y - v fy = |1 Ty 342

V(bg) = V(y) + V(b'x) = = +x'(X'X) " x|o
N

COV(by, b) = ~(x'X) 1 x0?

When there is no b0 term in the regression model,

[ N 9 N 7
21: X1 ? Xi1%i2 Xi1%ig

~M=z

X'X = ) (12)

N N N o,
zl: X2%ig 21: Xi9%ig Co ; X

-l

Comparing this to equation (10) shows this form of X'X to be similar to the lower right
submatrix in equation (10). This similarity is used to simplify notation by assuming
that X'X represents either the form of equation (12) or the lower right portion of equa-
tion (10) and considering the calculation of bO as a special case. Thus, further refer-
ence to b implies

by

There are two different methods of computing the regression coefficients which may



X'X =

be used in NEWRAP. The first method uses bordering (ref. 7) on the full X'X matrix.
If X'X is a nearly singular matrix, there may be problems with accuracy resulting in
overflows or underflows causing execution to terminate without any results being printed.
The second method uses a method of bordering which enters one term at a time into the
model equation. After each term is entered, a full regression analysis is printed.
Typically, if X'X is nearly singular, a number of terms will have been added to the
model before the results become unreliable or cause execution to be terminated. Thus,
at least a partial analysis of the full model is available to aid in selection of further
models to submit. After all the terms have been entered, the program then switches to
the procedure which inverts the appropriate full X'X matrix at each stage for further
analyses.

The use of the bordering method leads to a large volume of printed output and is not
recommended as a standard procedure. Through use of CRSPLT as a preregression
analysis program it may be easier to determine if bordering should be used. CRSPLT
can also help indicate the order of arrangement of the terms of the model so that those
thought to be most important can be entered into the model first.

Also note that the individual observations may be weighted to perform a weighted
regression analysis. NEWRAP permits the use of weights (ref. 5). In this case, the
X'X and X'y matrices take the following form:

X - |2 N B _
i-_-zl[(xil -x ) Wi] . . . 1=21 [Wi(xil -x 1)(xiJ -x J)] -
N B _ N )
El [(xiJ -x Py -x Pw] L El [(x5-% J)z w;]
r (12a)
N
2. %;1Y;¥;
i=1
X'y =
N
El *igYi%i )

10



CORRELATION MATRIX

Another matrix of interest both computationally and statistically in the correlation

matrix C. The elements of C, which are denoted Cij’ are the sample correlation coef-

ficients between the terms Xi and Xj' These are
N
(%,: - X X;: -X ;)
C.. = _ ll_ __- 1 l] . ] (13)
ij N _
z_:(xkl-xl) z_:(xk]-xj)
To1 k=1 =

and all these numbers are between 1.0 and -1. 0,
The calculation of C can be expressed in matrix notation conveniently by defining

a diagonal matrix S = diag(sy, 89, - . ., sJ) with elements
=10 oL (14)
1 VX)),
1
Then
C = S(X'X)S (15)

It may also be that the independent variables are random variables. Then X'X
divided by N - 1 represents the sample variance-covariance matrix and C the sample
correlation matrix. If the independent variables are considered to be from a multivari-
ate distribution, it is useful in some cases to consider the eigenvalues and eigenvectors
of X'X. For these reasons, NEWRAP includes options to compute and print these quan-
tities. These may also be computed and printed through use of the CRSPLT program.

ESTIMATING o2

For any regression model y =Xb + ¢, there are possibly two methods of estimat-
ing 02. First, if the assumed regression model is, in reality, the true model, it is
well known that an unbiased estimator is given by

11



52 _Y'y-b'x'y
RES() "'N-J3-D

_ SSQ(RES)
N-J-D

= MS(RES(J)) (16)

Second, where there are replicated data points, another estimator of 02, depending only
on V(e i) = 02 for all i and not on the validity of the assumed model, is the pooled mean
squares computed from the replicated data points.

Assume the observations are grouped into replicate sets in sequence. Let R be
the number of sets of replicates and r; be the number of replicates in the ith replicate
set. Let

*4r.
r¥er;

SSQU) = > | (v - 72 (17)
k=r*+1

where
i-1
rk= ) r,
=1

It is assumed Yn is from the ith replicate set and -371 is calculated only from those vy n

in the ith replicate set. Then define the pooled sum of squares due to replication as
R R
SSQ(REP) = ), SSQ(i) and the pooled degrees of freedom as NPDEG = 'El (ri - 1). The
1=

i=
second estimator of 02 becomes

;2 _ SSQREP)
REP ~ "NPDEG

= MS(REP) (18)

It can be shown (ref. 5, p. 26) that the sums of squares due to residuals can be
partitioned into a component due to replication and a component due to lack of fit; that is,

SSQ(RES) = SSQ(LOF) + SSQREP) (19)

12




This partitioning is used later to determine the estimate of 02

potheses.

to use in tests of hy-

HYPOTHESIS TESTING

NORMALITY OF €

As stated before, the only assumption necessary for b to be a linear minimum
variance unbiased estimator is that E(ei) = 0.0, V(e i) =2 < +°, and €; be uncorre-
lated. If it can further be assumed that € ~ N(0, 0), a number of standard tests be-
come available. NEWRAP computes a chi-squared statistic which can be used as an
approximate test.

Under the hypothesis e€; ~ N(O, 02), the studentized residuals defined by

will be distributed as Student's t with the degrees of freedom associated with the esti-
mate 0. If the degree of freedom is 30 or more, the t distribution is very close to the
normal.

The range of possible studentized residuals is (-«, +=) and may be divided into k
segments or cells each with probability p;, SO that each segment will have Npi as the
expected number of observations falling into it. Let n; denote the number of studentized

residuals in the ith cell. Then a chi-squared goodness-of-fit statistic may be calculated
as
k
5 Z (n; - Np,)?
%1% ) T,
B
i=1

NEWRAP computes this statistic by using an even number of cells greater than or equal
to four and less than or equal to 20, such that the expected numbers of observations per
cell is five or more. This statistic is not computed when there are less than 20 obser-
vations. The bounding values for the ith cenl are Z;_1,Z; where F(Zi) =(i- kK)/N and
F(Z) is the cumulative normal distribution function. Then each cell has the same ex-
pected number of observations, say f = N/k. Then

13



2 (0 -7 ¢ &
X_ = —-—:—Z n.—N
k-1 ;, £ N i=1 @

There is a point to be made concerning the chi-squared calculations. The validity
of the use of the clii-squared statistic in a test depends upon the residuals forming a
sample of independent and identically distributed random variables. This is not usually
the case for regression residuals. Although the tail probabilities of the chi-squared
tests might be in error, they should still be able to tell the statistician whether one in-
tended normalizing transformation was more successful than another.

ANALYSIS OF VARIANCE TABLE

For most hypothesis testing of the regression model, it is convenient to summarize
the available information in an Analysis of Variance (ANOVA) table, as follows:

Source Sums of squares Degrees of Mean squares
freedom )
Regression | SS(REG) = b'X'y - Sca J MS(REG) = SSQ REG) J
(REG)
Residual SS(RES) = y'y - b'X'y |[N-J - Db MS(RES) = SSQRES) (N -J - D)
(RES)
Total SSQTOT) = y'y - S(, N-D

aS B {O if no by coefficient is estimated.
¢ N§2 ifa by coefficient is estimated.
bD _ {0 if no b0 coefficient is estimated.
1if bO is estimated.

If there are replicated data points, another ANOVA table can be constructed to show the
separation of the residual sums of squares into components from lack of fit and replica-

tion, as in the following table:

14



Source Sums of squares Degrees of freedom Mean squares

Lack of fit | SSQ(LOF) = SSQYRES) - SSQ(REP) | N - J - D - NPDEG |[MS(LOF) = SSQ(LOF),(N - J - D - NPDEG)
(LOF)

Replication | SSQ{REP) NPDEG MS(REP) = SSQ(REP),/NPDEG
(REP)

Residual y'y - b'X'y N-J-D
(RES)

CHOICE OF ESTIMATOR FOR o2

As mentioned previously, there are two possible methods of estimating 02 depend-
ing on whether there are replicated data points. This is true for any given model equa-
tion. When the backward rejection option of NEWRAP is used, there is no longer one
hypothetical model but a series of models. Thus, there is the choice of estimator for
02 to be made after each rejection of a term in the previous model.

As an example, consider the model

y = bo +byx, + b2x2 +bgXg + € (20)

with replicated data points. The first step is to estimate by, by, by, and bg. There
22
will then be the estimators URES(J) and O'REP. If the model in equation (20) has not

left out any important terms, O’%{ES as well as 812¥EP is a valid estimator.

The ratio F = MS(LOF)/MS(REP) can be used to test the hypothesis that there is no
lack of fit, where F ~ F ,d with a=N -J - D - NPDEG and d = NPDEG degrees of
freedom. If the test accepts the hypothesis of no lack of fit, MS(RES) is a pooled esti-
mate of 02 with more degrees of freedom. But there is the possibility that the hy-
pothesis was accepted as a result of random fluctuation when there really is some lack
of fit; that is, there is the possibility that a%%ES( J) is a biased estimator. I lack of fit
is not concluded to be significant, the decision to pool or not is usually made on the
basis of the number of degrees of freedom for replication. If this is *'large' (no defini-
t120n of large is given herein), %EP is used. K ''small, ' the pooled estimate

RES(J) is used.

In testing equation (20), should it be decided that b3 is not significantly different
from zero (see section t-TESTS), the coefficients of the following model would be es-
timated:

¥y =bg +byX; +bgXg + €

15



From this model there is an estimate G%ES( J-1) This estimate could also be biased
since b3 may be small but nonzero and the decision of b3 = 0 may have been due to
the low power of the test.

At the first step, the lack of fit can be considered a random sample of an infinite
possibility of biases. But the biases due to pooling mean squares after rejecting terms
can be considered to be systematic biasing. In such a case the use of Cochran's test
for ''the largest of a set of estimated variances as a fraction of their total'' might be
appropriate.

NEWRAP provides three strategies of pooling estimates for use in the decision pro-
cedure:

(1) Never pool. This is usable only when there are replicated data points. The es-
timator used in all t-tests is Gapp.

(2) Pool initial residual. This will pool the lack of fit and replication (if any) from
the first model only. Additional mean squares due to rejected terms will be ignored.

(3) Always pool. This strategy will always use afiES( J-i) for the model with i re-
jected terms.

Wherever a ¢ or 62 is indicated, NEWRAP always uses the value calculated ac-
cording to the strategy chosen by the user.

TEST OF OVERALL REGRESSION

One of the first tests usually applied to a regression model is the test of the overall
significance of the model. In the notation of hypothesis testing this is stated Hpy: b =0;
Hy: b+ 0 where

by

The statistic for this testis F = MS(REG)/&Z. The F ~ Fa g With a=J -D, and d
equals the degrees of freedom associated with 82. ’

Another useful statistic for judging the significance of overall regression is
R2 = SSQ(REG)/SSQ(TOT). The sampling distribution of R does not lend itself to very

simple tests except in the case of Hy: b = 0. The main value of RZ is that it is a
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number in the range 0 to 1 and 100 R2 is a measure of the percentage of variation in
the y values that is accounted for by the regression model.

t-TESTS

In many cases, the regression model contains terms whose estimated coefficients
are '""small. '' This may be an indication that the term does not have a real effect on the
dependent variable and that the estimate is nonzero due to random sampling variation.

If this is true, it is desirable to delete the term from the regression model. A test
statistic for deciding this is
t= —L— (21)

) Z
Yoixx;!

where (X'X)i'i1 denotes the ith diagonal element of the (X'X)"1 matrix. The statistic
t~ty_j-p An equivalent test statistic is

~2

bs
F = t2 =1 (22)
az(va)i'il

where F ~ F, N-J-D* This is often referred to (ref. 5) as the partial F-test. The
>

quantity 1312/ [(X'X)i'i1 is called the additional sum of squares due to b,, if x; were last
to enter the equation. NEWRAP computes and prints the t-statistics, the probability as-
sociated with the interval (-t,t), and the additional sums of squares for each term.

This particular test is the basis for the rejection option of NEWRAP. The analyst
initially chooses which 82 estimator to use by the choice of strategy. Then the analyst
may choose a confidence level which all coefficients must meet. For example, suppose
a confidence level of 0. 900 is chosen. The t-statistic is then computed for each coeffi-
cient, and the coefficient with minimum |t| is identified. I min|t| > tN-J-D, 0. 950> 3l
terms are concluded to be significant at the 0. 1 level (or 90. 0 percent level of confi-
dence). I min|t| < tN-J-D, 0. 950° the term corresponding to the minimum [t| is
dropped from the hypothetical model, and the regression is recomputed. This process
is repeated until all remaining coefficients are significant at the specified level of prob-
ability. This procedure can be overriden by an option which allows certain specified
terms of the model to be retained regardless of the significance of the coefficient. Ken-
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nedy and Bancroft (ref. 8) present a study indicating the backward deletion method is
slightly more efficient than forward selection in special situations.

PREDICTING VALUES FROM ESTIMATED REGRESSION EQUATION

Regression equations are often used to predict an estimated response at some con-
dition of the independent variables. Useful estimates of parameters to know are the
variance of the regression equation and the variance of a single further observation at
the desired combination of the independent variables.

Let x' = (xl, e ..y X J) denoie the vectzor of independent variables at which a pre-
diction is desired. Let x* =x -Ax. Let Gu. < denote the estimated variance of the
regression equation at x. Let 032,_ x denote the estimated variance of a single further
observation at x. Then,

~2 22 -1
GH- x=0 [—3— + X*¥(X'X) x’i (23)
52 =52 [1 T x*] (24)
y- N
where, as before, D=1 ifa by coefficient is estimated and D =0 ifa bO coefficient

is not estimated. The quantity s = O'RES( J) is called the standard error of estimate and
often is used as a simple approximation to oy % This approximation is close if N is
very large and x =X, in which case,

=s2(1.o +2>w g2
N

When x # x this may be a poor approx1mat10n NEWRAP accepts mput vectors x and
computes y bO + blx1 +. ..+ bJ J» as well as 02 2 and the

- x M'X’ Y x’ o
standard error of estimate.

¥y X’
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NEWRAP PROGRAM

USERS GUIDE TO NEWRAP INPUT

lustrative Regression Problem Requiring No Transformations

The illustrative example is described in chapter 7 of reference 5. The data is re-

produced in table I. Figure 1 presents this data in a sample input form.

The basic model to be fitted is

y=b0 +b1x1 +b2x2 +b3x3 +b4x4

TABLE I. - OBSERVED VALUES

FOR EXAMPLE PROBLEM

Unit
number

12
22

13
23

*1

-75
175

X9

(=T o= I = B o i o]

-75
175
-75
175

-5
175

-5
-15
-5

175
175
175

-5
-75

175
175

Xq Xy ¥
0] -65 1.4
0] 1ner | 26.3
-65 v | 29,4
165 | -¢ 9.1
01 150 | 32.9
01 150 | 26.4
0| -65 8.4
-65 1 150 | 28.4
165 | -65 | 11.5
-65 | -65 1.3
165 | 150 | 21.4
-65 | -65 .4
165 | 150 | 22.9
0| -65 3.7
01150 | 26.5
0| 150 123.4
0| 150 | 26.5
0] -65 5.8
0| -65 7.4
0] -65 5.8
-65 | 150 | 28.8
-65 | 150 | 26.4
165 | -65 | 11.8
165 | -65 | 11.4

(25)
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SAMPLE INPUT I ,
. FORTRAN STATEMENT i

L T L L R LR DT

Dere aramsdy e e|owr o

15 saMPLE NEWRAP PROBLEM' 2 Lo A P
DAfls IS FROM DRAPER 'aND, SMITH . . . | . [ | . )
APPLIED REGRESSION ANALYSIS A({R'EFERENCE 4 OF NEWRAP REP|ORT)
. . .,. . CHAPTER 7 P A
INITIAL MODEL E!QUATIO{N‘ s ., .. } o
Y = BO + [B1X1 + Bexz | 4 ga.sxs + Bajxae . ‘+, ERR._,

Y = [CHAMBER PRESSURE
X1 = TEMPE’RA’I’URE OF CY[CLE _ L.
_ X2 =! VIBRAITION LEVEL RN I B
... 1. x3 = Dprop(/snocx)!

1. x4 = sTaTIlC FIRE

 RES|TDUALS| ARE BEING REQUESTED TO BE PUNCHED, (FOR CRSPLT PROGRAM). .
_ FO[R RESIDUAL PLOTTING| ANALYSES A U I B l ..

il

oA L4, ke R P T I B
T-TT.T.TFF':LVT. [ B SR P N R AR AR e PP l oo

0 . . IR T S R
o AR | R VO U SR § IS N I DR | ISR W N SR 3_{3 2. 2

R TR I | I I

of.. -85 .150,29.4 . ... ... ... 0. ... ..., .

o . 1es| -esl 9.7l .. . . [ . .

I-I 34 506|708 90 n l?‘ls W 15 16 17 iB)19 20 2622 23 24 (25 26 27 28 20 SC1S1 32 55 5L 35 36137 38 36 40 &) L?IASLLLSLAL'ILELOSOSI 52 53 54{55 56 57 58 59 60 61 62 63 64 65 ae‘a bﬂ 69 70 NI TITETIT 898

NASA-C-836 IREV 9-14~59)

TITLE PROJECT NURBER EnALYST

SMEEI__ . 0F .

SAMPLE INPUT (Concluded)

S |3 FORTRAN STATEMENT oentication
123 & Slef7 8 90 N ZHS 16 15 16 17 B[19 20 222 23 2625 26 27 28 29 300 31 37 33 34 35 36(37 383940 &) 42[u3 4L 65 40 47 48D S0 S 52 53 56[55 94 ST 58 59 60| &1 62 83 6 nsae:u 68 89 TO N 213 24 IS TA TT 26 79 B
I O T D D T R R DUUE B B B
DR I IR £ R N 7~ I -1 AR o) I - o) - -3 A NS R R I RN,
PR O (R : S RS W /- A I -1 RS v IS =11 NN -1 [N NN
e »..4.. ...'.7.5.,,‘,7.5..“.6.5,,.1.5,0..2.3:.4,., R P R R L
oo b as s, arsl L aes ,, ~850 L 1.5 L L
o _1~8H .....o,....0.4.".6.5”.-.6.5.‘.1“.3...., R e L S T
19 .., 9, . 0, 168, , 150 21.4 .| .00 ol .
OA.“7.5..'6<5‘..‘.6.5...0.'.4.4... . '. s
U e e ars| e asq22lel | o R I
[SRVRT TN [R-T S AR | A IR o IR -] (U S0 4 I N SO SO SO (RN
I e R ¢ St IR o I =T ] U= -0 RS IV (N IR SRV IS
Lo 5 e, =78, 0 A58, 254,
SRR I IR U - VR o IV -1 I e AU XX ¢ =Y - 0| IS IR IVRUY AP R R
T P T T I T I R I R . .
FRVRR N IR S AR o SRR A 21 I ¢ IR -7 IS A0S (N R IR SR I I ,
JRURRR I R v SR R o IR /-1 SN < RO -1 I -0 -1 IS (SR I
oot .o 0o L -8l —es L, 150, 28.8 ., Lo ,
. e2 |, .0, -8 =65 150 26.4 T - .
A3 [, ...0.., 178, 188, 6, - R Y -1 R . B
. .23 | ... 0., 175 ., 189 114 R T , .
RTINS B AR I P I - RS RN
|

T [o[7 w o v s e o zo 7z 2 ek 70 0720 25 3o 52 33 50 5 50J5 3930 w0 <1 42es o3 a0 a7 ok 30 052 95 5 90 57 9 50 90 07 o551 o8 w5l 8 4 70 s v T 167 70 8

NASA-C-836 (REV 9-1u~59)

Figure 1. - Sample input form.



The preceding model requires no transformations of the tabulated data for the dependent
or independent variables. Suitable input statements are also given in figure 1.

A subsequent example will illustrate the requirements on the input cards when trans-
formations are involved.

Detailed Description of Input Cards

This section of the report describes the input cards as classified into nine sets ac-
cording to table II.

TABLE II. - FUNCTIONS OF INPUT SETS

Set Name of set Purpose
number
1 IDENTIFICATION Identify and describe problem
2 PROBLEM SIZE Define problem size
3 LOGIC Specify general logical controls
4 MODEL Define model equation
(a) MODEL SIZE
(b) TERMS

(c) TRANSFORMATIONS
(d) CONSTANTS

5 REJECTION Backward rejection controls
6 REPLICATES Identify replicated data

1 FORMAT Give data format

8 DATA Input observed data

9 PREDICTIONS Predicted values data

The model equation is defined by set 4 of table II. An example illusirating the use
of one blank card for input set 4 which can be used for simple linear regressions is pre-
sented by figure 1 and table I. A second example illustrating the use of the set of
MODEL cards in the presence of prior constants and transformations will be given at
the end of this section of the report. A pictorial representation of an input deck is given
by figure 2.
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CONSTANTS 615 7)
TRANSFORMATIONS / (4012)

TERMS " a2) '

MODEL CARDS  Jyopp s1zE ~ NTRANS | KONNO

(Input set 4) (14) (14)

BZEROQ |IFTT |IFWT |IFCHI [ STORY [IFSSR [ECONMY | PNCH [ISTRAT
(L1) (L) |(L) (L [{LD (L1) (L) (L1 |1
LOGIC
{Input set 3)
AVAR NODEP NOTERM NOOB NTKEEP
(14) (14) (14) (I5) (14)
PROBLEM SIZE
(Input set 2)
g
IDENTIFICATION
(13A6)
1 IDENTIFICATION
(12) (13A6)
IDENTIFICATION
(Input set 1)
B
b

Figure 2. - Sample input deck. (Asterisk denotes the card is optional and its use depends upon data input on previous cards. )
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PREDICTIONS
{Input set 9)

DATA
(Input set 8}

FORMAT
(Input set 7)

REPLICATION
(Input set 6}

REJECTION
{Input set 5)

-

DATA FOR PREDICTIONS

(FMT)

PREDCT
Ly

INPUT | FMT
(12) | (13A6)

-

IREP | NARAY
(14) | (1914)

REPS
(L1

/DELETE P

(L (F3.3)

Figure 2. - Concluded.
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Details of the input cards are as follows:
(1) IDENTIFICATION (I, IDENT)(I2, 13A6): IDENT is Hollerith data used to identify

the problem.

I indicates the number of additional cards to read for further

identification or description (columns 1 to 78).
(2) PROBLEM SIZE (NOVAR, NODEP, NOTERM, NOOB, NTKEEP)(314, I5, 14)

NOVAR
NODEP
NOTERM

NOOB
NTKEEP

Number of input independent variables (number of z's in eq. (2))
Number of input dependent variables

Number of terms in model equation (number of x's in eq. (3)).
Note that bj is not counted as a term.

Number of observations

First NTKEEP independent terms of model equation will be re-
tained in model regardless of significance level

(3) LOGIC: One card with nine one-column fields

BZERO
IFTT

IFWT

IFCHI
STORYX
IFSSR

ECONMY

ISTRAT

24

by term appears in model equation (T or F)

t-statistics and their descriptive confidence levels are to be com-
puted (T or F)

Weight of 1.0 is applied to all observations (T or F). I this is
F, see input sets 7 and 8 for further information.

Compute and plot residuals (T or F)
Calculate eigenvalues and eigenvectors of X'X (T or F)

Model shall be increased by one term at a time using bordering
method for matrix inversion (T or F)

Use economy version of output (T or F). NEWRAP does not
print X'y, (X'X)'l, or C when setto F.

Pooling strategy is 1, 2, or 3:
1. Never pool. Use replication error as estimate of error.
If 1 is selected and no replication is found, strategy 3
is used.
2. Pool initial residual only.
3. Pool all residuals.



PNCH Punch residuals and predicted values (T or F). If T, observation
number is punched and then residuals and predicted values are
punched in (16, 4E16. 8 /(6X, 4E16. 8)) format in pairs (observa-
tion number, ey, 371, €q, §2, etc. ).

(4) MODEL: The MODEL cards are used to manipulate the observed input data,
supplied by input set 8, into the form of the desired model equation. There are
four subsets of this input set 4, namely, MODEL SIZE, TERMS, TRANSFOR-
MATIONS, and CONSTANTS, of which the latter three are used only in the de-
velopment of complex models.

If a simple linear model is being analyzed, the MODEL SIZE card is left blank, in-
dicating that the number of transformations is zero and the number of constants to be
read in is zero. In this case, the TERMS, TRANSFORMATIONS, and CONSTANTS
cards of this input set are not expected by the program, and the program assumes the
independent and dependent variables are arranged on the input cards of input set 8 as

Xl’ X2, e e ey XJ’ yl, . e ey yNODEP

where NODEP is the number of dependent variables.

If a weighting factor other than 1.0 is to be used (i. e., if item 3 of the LOGIC card
contains an F), the value of the weighting factor for each observation must appear as the
last item in the list, so that in this case the data for each observation is entered on the
cards as

X1y X9y + - 5 Xpp V1o - - -5 YNODEP? WT

If the weighting factor is identically 1.0, NEWRAP reads a total of M numerical values
for each observation, where M is the sum of the number of independent and dependent
variables. The variables are stored consecutively in an array called X, beginning with
location 01 and ending with location M. If the weighting factor is not identically 1.0,
then M + 1 numerical values are read for each observation, but the last value, being
the weighting factor, is treated and stored separately. The data in X are used with
their appropriate weighting factors to cumulatively create X'X and X'y as shown in
equations (12a).

The remaining discussion of this set explains the use of transformations and/or con-
stants to build more complex models. Therefore, the reader who does not immediately
need a complex model may skip this material and proceed directly to the description of
input set 5.

As mentioned previously, there are up to four subsets of the MODEL cards. Their
purpose is to give the structure of the model equation and thereby specify the initial
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operations to be performed on the input data. As used here, CONSTANTS means any
numerical value specified to be in the model equation in advance of parameter estimation.
These numerical values are read from the CONSTANTS cards.

Also, the word TRANSFORMATIONS is to be interpreted as the operations per-
formed on the input data (read from data cards) to compute the f, values (eq. (2)) of the
model equation. The structure of these functions (and of any transformations of the de-
pendent variables) is read from the TRANSFORMATION cards. Finally, the word
TERMS is to be interpreted as the computed results of the operations specified by the
transformation (including any operations that leave the input data unchanged). The re-
sults of the TRANSFORMATIONS are stored in an array CON, and the TERMS cards
designate the order of the relative locations in CON where the final values for the terms
of the model equations are to be found.

The four subsets, MODEL SIZE, TERMS, TRANSFORMATIONS, and CONSTANTS,
will be described in detail now, Also, at the end of the description of this input set, a
summary of these cards, with the formats used, is given for convenience.

The MODEL SIZE card specifies NTRANS and KONNO(214) where

NTRANS Number of transformations that will be performed

KONNO Number of constants that will be read in which are required to specify model
equation

If the number of transformations is zero, and therefore, the number of constants is
zero, the TERMS, TRANSFORMATIONS, and CONSTANTS cards are not expected by
the program. This being a simple linear model case, only the MODEL SIZE card,
which can be blank, is necessary in this subset, but the values for the observations
which are provided in input set 8 must conform to the order as specified in the first
three paragraphs describing this input set.

When, however, a more complex model is desired, information must be supplied
instructing the program as to (1) where to find the values for the TERMS of the equation,
(2) how to create the terms from the variables and the constants, and (3) what the values
of the constants are. This information is supplied on the TERMS, TRANSFORMATIONS,
and CONSTANTS cards.

The numerical values to be used in the transformations are stored in two arrays
called X and CON. The transformations always require that an operator (some value
from CON) performs an operation (see table III) on an operand (some specified value
from X) to produce a result which will be stored in CON. Thus CON serves two pur-
poses. First, if the number of constants (KONNO) specified on the MODEL SIZE card
is nonzero, that many constants will be read from the CONSTANTS cards and stored in
CON beginning with location 01. If the number of constants is zero, a CONSTANTS
card is not expected by the program. Second, all intermediate and final results of
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TABLE III. - OPERATIONS® AND CODE NUMBERS

[X indicates a value from X and C a
value from CON.]

Operation Resulting Operation Resulting
code operation code operation
(OP) (OP)

00 No operation 16 1.0, SQRT(X)

01 N+C 17 C**X

02 X*C 18 10. 0**X

03 Cc/X 19 SINH(X)

04 EXP(X) 20 COSH(X)

05 X**C 21 (1.0-COS(X)).2.0
06 ALOG(X) 22 ATAN(X)

07 ALOG10(X) 23 ATAN2(X, C)

08 SIN(X) 24 X**2

09 COS(X) 25 X**3

10 SIN(7*C*X) 26 ARCSIN(SQRT(X))
11 COS(m*C*X) 27 2.0%7xX

12 1.0/X 28 1.0, (2. 0*7*X)

13 EXP(C,/X) 29 ERF(X)

14 EXP(C, X**2) 30 GAMMA(X)

15 SQRT(X) 31 |X¢C

4A1l function names and operations are consistent with
FORTRAN IV mathematical subroutines.

transformations are also stored in CON as specified on the TRANSFORMATION cards.
The TERMS card then specifies which of the locations in CON finally contain the values
needed to construct the X'X and X'y matrices. After all the transformations have been
performed on an observation, the contents of the relative locations of the CON array
specified on the TERMS card are moved back to X in consecutive locations beginning with
location O1.

Note especially that CONSTANTS data are stored in CON from location 01 through
KONNO. Thus, if a transformation specifies that a result is to be placed in any of these
locations, the result will replace the constant, so that further operations on subsequent
transformations would use the new value stored instead of the constant value to which it
was initialized. Care should be taken, therefore, that the results of the transformations
be stored in relative locations greater than KONNO.

Each transformation code is made up of four subfields of two card columns each,
with the following interpretation:
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Subfield Interpretation

1 Operand Relative location in X

2 Operation (OP) |Arithmetic operation

3 Operator Relative location in CON
4 Result Relative location in CON

Thus, subfield 1 always references the X array, and subfields 3 and 4 reference the
CON array. The result of every transformation is a term which is stored in the desig-
nated location of the CON array, with the added feature that, if the term is stored in
relative location 61 or beyond, it is also stored in the parallel location in the X array.
This is illustrated by the arrows in figure 3. This feature allows successive transfor-
mations to be performed more easily.

The OP (operation codes) are tabulated in table III. The transformation with
OP = 00 is simply an identity transformation. This transfers data from X to CON so
that when terms are selected there is a value available in CON that can be moved back
to X.

When there are no transformations, NEWRAP assumes the first NOTERM values
on a data card are the independent variables and the last NODEP values are the depend-

Location X Location . CON

01 ) 01 b

02 02

03 03

04 04

05 05 Input constants

0.6 Input 06 followed by terms

. ?array : * for regression

) equation

56 56

57 57

58 58

59 59

60 | J 60 | J

61 -— ] A

62 -— 62

63 -—63

64 -— 64

65 -— 65

66 -— 66 Data stored are

67 67 | —— | storedin same

: . [ relative location
-— in both arrays

95 -9

96 «—9%

97 -9

98 98

99 -— 99 J

Figure 3. - Map of X and CON arrays. Data transferred into any location of CON
array beyond location 60 are immediately duplicated in same relative location in
X array.
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ent variables. When transformations are used, this convention need not hold for the raw
input data but instead holds for the terms on the TERMS card. Thus, the first NOTERM
values input on the TERMS card indicate the locations of the CON array which corre-
spond to the independent variables and the last NODEP values indicate the locations of
the CON array which correspond to the dependent variables. If the analyst desires to
force certain terms to remain in the model regardless of their significance, these terms
must be the first terms of the model. Then if the input for NTKEEP of the PROBLEM
SIZE card is not zero, the first NTKEEP terms of the model will be retained.

The complete sequence of MODEL cards and the formats used are summarized as
follows:

(a) MODEL SIZE (NTRANS, KONNO)(2I4): NTRANS specifies the number of trans-
formations required and KONNO the number of CONSTANTS involved. NTRANS may not
be greater than 100 and KONNO not greater than 60. I NTRANS = 0, the following three
sets are skipped and the program goes directly to input set 5.

(b) TERMS (4012): One or more cards as necessary, using two-column fields to
denote the relative locations of the CON array containing the final values for the terms
to be used and the order in which they enter into the model equation. The number of
terms used is specified on the PROBLEM SIZE card.

(c) TRANSFORMATIONS (4012): As many cards as necessary containing up to
10 transformation instructions per card. Each transformation instruction is composed

of four two-column fields. See table III for the list of available transformations.

(d) CONSTANTS (5E15. 7): As many cards as necessary containing the number of
CONSTANTS as specified by KONNO. Up to 60 CONSTANTS may be specified. If
KONNO = 0, these cards are not expected by the program.

(5) REJECTION (DELETE, P)(L1, F3. 3): If DELETE is set to T, the backward re-
jection option is used and the desired level of confidence is given by P. The P value is
written without a decimal point so that a 95 percent confidence level is indicated by a
950, a 99.9 percent level as 999, and so forth.

(6) REPLICATION (REPS)(L1): If REPS is F, the program skips to set 7 and as-
sumes there is no replicated data. If REPS is set to T, then more cards are read in
2014 format specifying:

IREP in the first field of the first card indicates the number of replicate sets.

NARAY in the second field of the first card and the remaining fields of this and
succeeding cards consists of an array containing the number of observa-
tions in each of the replicate sets.

Note that it is not safe for the program to assume that all the data points for an ex-
periment with the same levels of the independent variables are true replicates. Thus
the user must explicitly specify the truly replicated sets. NEWRAP does check that all
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independent terms within a replicate set are the same. If not, the program stops. A
nonreplicated data point is considered to be a group of size 1. Note that the data in ta-
ble I are grouped to clearly indicate the replicated data points.

(7) FORMAT (INPUT, FMT)(I2, 13A6): INPUT specifies the unit number on which the
input data is stored; and FMT supplies the format for reading it.

Note that, if a weighting factor other than 1.0 is to be used, its value will be read
with each data point, -and the format must allow for this.

The example from Draper and Smith (ref. 5) uses a weighting value of 1.0 for all
data. The format is (12X, 5F6. 0) since there are four independent and one dependent
variable to be read. If a weighting value other than 1.0 is used, it must appear with
every data point as the last value on the card. In such a case, the format could, for
example, be (12X, 5F6. 0, F10. 3).

(8) DATA: Each observation consisting of the given z's and y's read by the exe-
cution of one READ statement. Thus, there will be at least one card for each observa-
tion. As mentioned previously, if the transformation option is not used, the program
expects the first variables to be the independent variables, in the order in which they en-
ter the model, followed by the dependent variables and then the weighting value if
IFWT = . F. Otherwise, if transformations are used, the independent and dependent
variables may be entered in any convenient order, because the TERMS card(s) will be
needed to specify the order in which the values will enter the model equation. However,
if IFWT =.F., the weighting value is still the last value supplied with each observation.

(9) PREDICTIONS (PREDCT)(L1):

(DATA) If, with the program LOGIC (input set 3) card, a
computation of residuals is requested by a T in card column 4, then predicted values of
the dependent variables are computed for all the input values of the independent vari-
ables. In addition to these predicted values, predictions at other values of the indepen-
dent variables might be desired. In PREDICTIONS input, one card with one column is
used to indicate if these other predictions are desired (T or F). If this is F, a new case
is started and the new case should start with input set 1 cards. ¥ it is T, the following
cards are read: One card with one four-column field specifying the number of predic-
tions desired. This is followed by cards with the values of the independent variables
at which predictions are desired. Only the final regression model is used, but the num-
ber of independent and dependent variables originally supplied on the PROBLEM SIZE
data cards are read. All transformations indicated on the MODEL cards are performed.
Then the proper terms are chosen by the program to correspond to the final model.
Since the dependent variables are not needed in this part of the program, the numerical
values for the dependent variables are dummy values and should be in the appropriate
range so that when subroutines required for the transformations (e.g., ALOG, SQRT)
use these values, abnormal exits will not occur.
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lllustrative Problem Requiring Transformations

As an example of the MODEL cards usage consider the following. Suppose the
model we are required to construct is

loglo(y + 273. 15) = b0 + blz1 + b2z2 + b3z3 + b4zlz2 + b52123 + b62223

2 2 )
+ b721 + b8z2 + b9z3

Thus, in terms of equation (2) we have

Xl = Z1
X2 = ZZ
X3 = Z,3
X4 = Z1Z2
X5 = Z1Z3
X6 = Z2Z3
X7 = Z%
g = 2
X9 = Zg

y = loglo(y + 273. 15)

Table IV shows a sequence of transformations which could be used to construct this

model equation. Figure 4 shows how the MODEL cards describing this equation would
appear on a FORTRAN data sheet. Figure 5 shows the X and CON array contents both
before and after the transformations are performed upon one observation and the X ar-
ray after the appropriate terms have been selected according to the TERMS card data.

2
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TABLE IV. - SEQUENCY OF TRANSFORMATIONS FOR EXAMPLE

Transformation | Operand | Operation | Operator | Result
number
1 01 00 00 11
2 01 00 00 61
3 02 00 00 12
4 02 00 00 62
5 03 00 00 13
6 03 00 00 63
7 61 02 61 17
8 62 02 62 18
9 63 02 63 19
10 61 02 62 14
11 61 02 63 15
12 62 02 63 16
13 04 01 01 98
14 98 07 00 20

StatEnent
NUMBEK

Te o0 n

|1. I
141516

e
. .1;4.
11121
01,000
51026
-273

5w s 16 17 18

171819
006102

..........
..........
,,,,

©® 20 2122 28 2

20 .
000,012

FORTRAN STATEMENT IDENTI CATON

s 20 2 20 20 30 3 57 53 5035 36{ 3730 3040w wafus aes o 67 unfo 50332 83 3o 20 5730 59 00 a2 eson 0 u;m 680970 n 2|13 T 1570 77 1870 81

020000|620300/001303000063610261/176202621863 026312/61026214
98000720, , , . P R
.......... L I G T
) T e e T TR IR
A TR U IR (A R

!

,,,,, ) | AN
.......... N IR
S EUURDE SRS D Lo |

[ IR [ 4 ; B

...... ‘ R I [
......................... R
.................... - e
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.................... REEN

L e e T 1

. ' {

J ‘ L.

f 1 ! ! 4 -
2ae 2 an ey b v s e 5T e b kzs S84S5 52 53 Selss 0 57 % 5 o 5 I

Figure 4. - An example of MODEL cards.

Interpretation

x; ~ CON(11)
x; ~ X(61), CON(61)
Xo ~ CON(12)
xo — X(62), CON(62)
xg ~ CON(13)
x5 — X(63), CON(63)

x2 ~ CON(17)
x2 — CON(18)

xg ~ CON(19)

XXy ~ CON(14)
X Xg ~ CON(15)
XoXg — CON(16)

y + 273.15 - X(98), CON(98)
loglo(y + 273.15) - CON(20)

AnaLYST

lsnm. -

o __




Location X CON X CON X

0l 73 +273, 15 2] +273. 15 7

02 7 2 zp

03 73 3 3

] Y1 N 5T

05 773

06 273

o7 4

08 z%

09 z%

10 logygly +273. 15)

11 I

12 22

13 33

14 ] 17

15 2923

16 o 73

17 z%

18 Z%

19 z%

20 logygly +273. 15)

21 T

2| | L
el B .

61 2 ! 2

02 2 2 i

63 3 3 3

“L— L L L= V

98 y+273. 15 yﬂ'ﬂ

. R -

(a) Before transformations. (b) Atter transformations, (c) After terms
selection,

Figure 5. - Arrays X and CON before and after transformations and terms selection for
the example,
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SAMPLE NFWIAP PRUBLEM
DATA IS FROM DRAPER AND SMITH
APPLIED REGRESSION ANALYSIS (REFERENCE & DF NEWRAP REPIRT)
CHAPTER 7
INITIAL MIDEL EQUATION IS
¥= CHAMBER PRESSURE
Xi= TEMPERATURE OF CYCLE
Xz= VIBRATION LEVEL
X:= DROP(SHUCK)
Xa= STATIC FIRE
Y = BO + BLX]l + B2X2 + B3X3 + B4X4 + ERR
RESIDUALS ARE BEING REQUESTED TO BE PUNCHED (FOR CRSPLT PROGRAM)
FOR RESIJUAL PLOTTING ANALYSES

L T T T Y Y Y Yy Y T T T Y Y Y Y YR Y P Y Y

4 1 L3 24

TTITTYFFLT
THERE IS5 A BO TQ ESTIMATE
THERE ARE 18 REPLICATE SETS

1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 3 2 2

(12X45F6.0)
SAMPLE NCWAP PROBLEM

TERMS OF THE EQUATIUN, OBSERVATION = 1
-75.0000) 4] ¢ -65.,00000 1.400000
= REPLICATS SET P Y T R T L T L T T T T
Y R N N R YRR R R Ry R R T N T A R R P R R 2 R Y R R R R R R R R R N R R A I R R R e R R R R R RS NP RS SRR RIS SRR 22
TERMS OF THE EQUATION, OBSERVATION = 2

175.0000 7] [+ 150.0000 26430000
=% REPLICATZ SET 2 LR S Y Y R T Y Ry Ry Ry R e N s R N R S Y Ry Ny Ty Y S

L Ty T Y Y

e T e ATy )

LIy e Y 1]

TERMS OF THE EQUATION, OBSERVATION = 3

0 ] -65.00000 150, 0000 29.40000
#% REPLICATE SET 3 L Y Yy g Yy Y Y Iy Y I P Y Y Y R Y Yy
T YT T e L L I I T
TERMS OF THZ EQUATIUN, OBSERVATVION = 4

[ o 165. 0000 -65.00000 9.700000
s« REPLICATE SET 4 P T T I I O O T T T O T T T T )
T Y L Tl L L T T T Ty e Ly I R R TR Y TR T Yy Ty
TERMS OF THE EQUATION, OBSERVATION = 5

[+] 0 0 150.0000 32.90000
## REPLICATE SET S EX R T Ty Y Yy e I R T Y YR Y o
Y L R L T Ty Ty oy R R TRy Ys
TERMS OF THZ EQUATION, OBSERVATION = 6

-75.00000 -75.00000 o 150.0000 26440000
«« REPLICATE SET [ D T e T N Ty R )
R L Ty Y Ry Y Ry L Oy T Y T YT Y
TERMS OF THZ EQUATIOUN, OBSERVATION = 1

175.C002 175.0000 Y] -65.00000 8.400000
=% REPLICATE SET 7 TSI RN R R RN R R R PR AR RN N N SR AR IR RN R R AR R R AR RN RN AN N A RN BN N AR BN

L Ly R Yy N L e Y YR Y 2

TERMS OF THZ EQUATION, OBSERVATION = 8
-75.0000" ~75.00000 -65.00000 150.0000 28.40000
% REPLICATE SET 8 LT T T T T T T T T T R L T L R NI T TR TI N Ty ey
P T T T T T T T T N L L L L L Y T LT LY T T PP T O TP R
TERMS OF THE EQUATION, OUBSERVATION = 9

175.0000 175.0000 165.0000 -65.00000 11.50000
% REPLICATZ SET I T T T Y Y LT P TR VY PP PP PV PP P T RN RN SRR R REINERR IR RGN RN RSE R AT RS

L Y Y Y T Yy T T Y Y L]

TERMS OF THE EQUATEION, OBSERVATION = 10

0 C -65.,0C000 -65.00000 1.300000
s REPLICATE SET 10 T T T T T T Ry T L Ly T TR T T TP P PR
L2 R X R el R R Ry R e R e R R R e e e R e R e el R R R R R s R e X R R R R R I R STy Y
TERMS OF THE EQUATION, OBSERVATION = 11

[} o 165.0000 150.0000 21.40000
»s REPLICATE SET 11 L T T T T Ty T T T S T T T T Y Y Ty T T TN T T NPT TR T T e
P T T T T T T T T N T T
TERMS OF THE EQUATION, UBSERVATION = 12

o] -75.00000 -65.00000 -65.00000 0.400000
se REPLICATZ SET 1o FeRanERzeRRERRRIRERSS NN RN RN RN RN IR N SRR RN SRR A S USRS e TR R REEE
T L Ty Y T T T T oo
TERMS OF THZ EQUATION, OBSERVATION = 13

4] 175.0000 165.0000 150, 0000 22.90000
e REPLICATE SET 13 L Y Y T T Ty T Ty T Y T Y Ty P S P T
AR SRR N RN IR NN RNRR NN NG NERORERE Fesrssnennnuan L T L T T T T Y N T T L L Ly T vy
TERMS OF THE EQUATIUN, OBSERVATION = 14

o C : -65.00000 3.7000C0



-e asnsernveae XX}
Ly Y PR PR R R

cunsEBEROnuERN

"o

«% REPLICATZ SET L4

SEtERAcERNNINS NSRS ERNSIBRLRSOREDRY

sERsEEaaBEENBENSRINREREEND

TERMS OF THZ FQUATIUN, UBSERVATION = 15
o] -75.,05000 ] 150.0000 26.50000
TERMS OF THZ EQUATIUN., OBSERVATION = 16
o -75.00000 ’ 150.0000 23.40000
TERMS OF THZ EQUATIUN, UBSERVATION = 17
Q -75.000L00 c 150. 0000 26.50000
«s REPLICATZ SET 15 Ll T T L Y R Ny
DEP. VAR, 1 SSQ= 6.4066836 SUM= 76.400000 MEAN= 25,466666
Py R R e YY) LYY SRREENRIEIRRRERANI N RSO RN P L I T L L Ty T Ry Y YN YY)
TERMS OF THE EQUATIUS, UBSERVATIDN = 18
o} 17,0000 o ~65.00000 5.800000
TERMS OF THI EQUATIUN, OBSERVATION = 19
o} 175.0000 2 ~65,.,00000 7.400000
TERMS DOF THE EQUATION, UBSERVATION = 20
0 17545000 . ~65.,00000 5.800000
»s REPLICATZ SET 16 Ty R T T I TR Y Y ) tERBEERsERARSOIRERRREY SRR NS AR RSN I IR B RN NN NN S L RIS

DEP. VAR. 1 SSQ= 1.7066677 SUM= 19.000000 MEAN= 5.3333333

T L L I I O T T T T Ty T Ty Yy e R N e Yy

TERMS OF THE EQUATION, OBSERVATION = 21
o] -75,00000 -65.00000 150.0000 28.80000
TERMS OF THE EQUATION, OBSERVATION = 2
0 -75.,00000 -65.00000 150.0000 26440000
s+ REPLICATE SET 17 R e Y Y Y Y Yy Yy Yy Y SR YR R SRR T2 Y]
DEP. VAR. 1 55Q= 2.8800044 SUM= 55.200000 MEAN= 27,600000

I I T I O T I I O T T L T T T T T T N Ty Y ey

TERMS OF THE EQUATIUN, OBSERVATION = 23

[} 175.0000 165,0000 -65.00000 11.80000
TERMS OF THE EQUATION, DBSERVATION = &

0 175.0000 165.0000 -65.00000 11.40000
#e REPLICATE SET i8 AR AR R AR RS E R AN RN AN RO RN IR RN UG DR RN I RRR RN RS AR BB R R A T R NN N NIRRT RS RN R IR R T SO HANRE RN
DEP. VAR, 1 $50= 0.8000137E-01 SUM= 23,200000 MEAN= 11,600000

R L L T T T Y Y L N R TN ey Yy

MEANS OF INDEP AND DEP VARIABLES
12.5000.0 33.333333 25.000000 424500000 16.579167

X TRANSPOSE X MATRIX WHERE X IS DEVIATION FROM MEAN

ROW 1 105000.0

ROW 2 62500.,00 263333,.3

ROW 3 2625000 115000.0 173700.0

ROW 4 =26875.00 -161250.0 -49450.00 277350.0

X TRANSPOSE ¥ MATRIX WHERE X AND Y ARE DEVIATIONS FROM MEAN

RUW 1 ~1103.750
ROW 3 -12398.33
ROW 3 -2767.500
ROW 4 25875425

CORRELATION COEFFICIENTS

ROW 1 1.000000

ROW 2 0.375865 1.000000

ROUW 3 0.194372 0.537706 1. 600000

ROW 4 -0.157485 ~0.596668 ~0.225295 1.000000

THE FOLLOWING ARE EIGENVALUES OF X TRANSPISE X MATRIX
489039.32 169G38.49 99358.563 61947.348

TJHIS IS THE MODAL MATRIX IR MATRIX OF EIG-NVECTORS. EIGENVECTORS ARE WRITTEN IN COLUMNS LEFT TO RIGHT IN SAM CRDER AS ¢ IGENVALUES

ROW 1 0.177713 €.201943 0.820685 0.504097
ROW 2 0.674835 0.220435 Ge212133 ~0,671570
ROW 3 0.358164 0.666753 ~0.500091 0.420793
ROW & ~0.620269 0.682691 0.177159 -0.343240
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SAMPLE vIWlAP PRUBLFM
£ACH COLU“N CONTAINS THE COFFFICIENTS FOR DNNE DEPENDENT TERM
CUNSTANT TEM (8D

1le0 2123

KEGRESSIUY ZIEFFICIENTS (BleaeoyBK)

1 0,7511176~C2

2 0411i3105€-01

3 0.4208558E~02

4 G.lUL374

ANOVA OF <F3RESSION ON DEPENDEST VARIABLE 1
e L L Ly Ty STy Y
sQu s SUMS OF SWUARFS DEGRZES OF FREEDHM MEAN SQUARES
REGRr >SIOY 2462456296 4 6l5.64
RESIDUA. 243.0366°8 19 13.107.898
TOTAL 2711.599.8 23
L T S T R Ty Yy Y T T T Y
R SQUARED = SSQIREG) 7/ SSU{TOT) = §.204159 R = .95297¢4
STANIZARD ERRUR {JF ESTIMAT. 3.620385
YSING POOLING STRATEGY 1 THF rRRJR MrAN SQUARE = 1.8455595 WITH DESREES OF FREEQOM = ]
F=MS( (E3)}/MS{cRR)= 333,5¢ CIMPARE TU F{ &, o)

ANOVA OF LACK OF FIT

L Yy Y I I i s ]

SOUxCE SUMS OF SQUARES VEGREES OF FREEDNYM MEAN SQUARES
LACK IF FIT 237.963249 13 18.3043649
REPLICAT [ON 11.,0733571 &6 1.84555951
RESIbLUAL 249.036628 19 13,107.898
F = MS(LOF)/MS(REPS) = 9.918

LR Ly e Ty I T I IR T I Y T R P NPT ¥ T ¥ Ty

SUMS OF SQJARES OUE TO EACH VARIABLE IF IT WERE LAST TO ENTER REGRESSION

1 5.20°733
2 14.2018
3 2.22'55%
4 1783.65%

STANDARD DZVIATIUN Of REGRESSION COEFFICIENTS (DERIVED FRUM DIAGONAL ELEMENTS OF (X TRANSPOSE X)INVERSE MATRIX
0.354538

0.454375€E-02

0.406457E-02

0.3902621£-02

0.3260088E~02

PWN~O

(X TRANSPOSE X} INVERSE MATRIX

ROW 1 0.111867E-04

ROW 2 -0.320414E-05 0.895205£-05

ROW 3 0.220215k-06 -0.426585t-05 C.B826766E~0Y

ROW 4 ~0.739629E-06 0.413364E-05 -0.984698E-06 0.576159E~-35

SAMPLE NSWRAP PRUBLEM

CALCULATE T STATISTICS
THE T STATISTICS CAN BE USED T TEST THE NET REGRESSION COEFFICIENTS B(I).
l.679484
2.7826206
1.097140
31.08789
UNDER NULL +4YPOTHESIS THE INTERVAL (-T,T) WHERE T IS5 GIVEN ABOVE, HAS APPROX PROBABILITY LISTEC BELOn.
MINUS SI5N INDICATES PROB E£XCFEDS «999.

1 0.856
2 J.968
3 J.68%
4 -3.999

THE DESIR: D vALUE OF PRUBABILITY IS 95,2 PERTENT
T4E TERM X{ 3) IS BULING DELETED



SAMPLE {-WRAP PAUHLtM
€ACH COLUAN CONTALINS THE COEFFICIENTS FOR UNE DEPENUENT TERM
CONSTANT TEM (B0}
11.7 439

REGRESSTON ZIEFFILIENTS (BlyeeosBK)

1l C.751732e-02

2 0.l 217E-01

4 0.10.834

ANOVA OF RESRESSIUN ON DEPENDENT VARIABLE 1
Ly L Ty T Y YY) BETERNRERSEEE R BRR TS
SO0URCE SUMS OF SUQUARES DEGREFS 0IF FREEDOM MEAN SQUARES
REGRESSION 2463434143 3 820.113808
RESTDUAL 25l.258162 20 12.5629079
TOTAL 2711.399:8 23

Y Ry Y LT YY) PR RS E NSRRI R AR E NSRRI R R RN NI

R SQUARED = SSQIREG) / 55Q({TOT) 0.907339 R = .952544
STANDARD ERRUR OF ESTIMATL 3.544419
USING POOLING STRATEGY 1 THE tRROR MEAN SQUARE = 1.8455595 WITH DEGREES OF FREEDDM = 6
F=MS(KE3}/MS(ERR)= 444,37 COMPARE T2 F{ 3, 6)

ANOVA OF LACK OF FIT

L T Ry ey R Y Y Y e ]

SUMS OF SQUARES DEGREES OF FREEDOM MEAN SQUARES
LACK OF FIT 240.184803 14 17.1560571
REPLICATION 11.0733571 6 1.84555951
RESTLUAL 2514258162 20 12.5629079
F = MS{LIF}/MS(REPS) = 94296

SUMS OF SOJARES DUE TO EACH VARIABLE IF IT WERE LAST TO ENTER REGRESSION
1 5.0538)3
2 27.08253
4 1839.035

STANDARD DEVIATIUN OF REGRESSION COEFFICIENTS (DERIVED FROM DIAGONAL ELEMENTS OF (X TRANSPOSE X}INVERSE KFATRIX
0 0.35+38¢4

1 0.45425%E-02

2 (.35:930E-02

4 0.327752€-02

{X TRANSP.JSZ X) INVERSE MATRIX

RUW I3 0.111808E-04
ROW 2 —0.30L905E-~05 0.675106E-05
RUW 3 ~04713401E~0D5 0.362557E~05 0.564431c-05

SAMPLE N_AWAP PRUBLEM

CALCULATEU T STATISTICS
THE T STATISTICS CAN 8E USED TO TEST THE NET REGRESSION COFFFICIENTS uvl(l).
1.654799
3.830729
31.567 306
UNDER NULL AYPOTHESIS THE INTERVAL (-T,T) WHERE T IS GIVEN ABDVE, HAS APPRUX PROBABILITY LISTEC BELOw.
MINUS SISN INDICATES PROB EXCFEDS .999.

1 3.851
2 J.991
4 =3.999

THE DESIR=zD VALUE OF PRUBABILITY IS 95.C PLRIENT
THE TERM & 1) IS BEING OELETED
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SAMPLE - wAP P2UBLEM
EACH COLU“N ZONTAINS THE COEFFICIENTS FOR ONE DEPENDENT TERM
CONSTANT TEM (B7)
11.7 871
REGRESSIUN ZDEFFICIENTS (BlyeassBK)
2 0.153935£-01
4 0.102354

ANOVA OF RESRESSIUN ON DEPENDENT VARIABLE i
LR e Yy
S0URCE SUMS OF SQUARES DEGREES OF FREEDOM MEAN SQUARES
REGRESSION 2455,28763 2 1227.64381
RESTDUAL 2564311962 21 12.2053314
TOTAL 2711.59958 23
D L L T Ty Y I Yy
R SQUARED = SSQ(REG) / SSW{TOT) = 0.905476 R = .951565
STANDARD ERRUR OF ESTIMATE 3.493613
USING POOLING STRATEGY ) THE ERRDR MEAN SQUARE = 1.8455595 WITH DESREES OF FREEDOM = 6
F=MS(RE3)/MSIERR)= 665,19 COMPARE TO F( 2y &)

ANOVA OF LACK OF FIT
I T T Yy Y I TR Ty Yy

SOuUkC:= SUMS OF SQUARES DEGREES OF FREEDOM MEAN SQUARES
LACK UF FIT 245.238604 15 1643492401
REPLICATION 11.0733571 6 1.84555951
RESIDUAL 2564311962 21 12.2053314
F = MS(LOF)/MS(REPS) = 8.859

L T Ty e e e e T

SUMS OF SQJARES DUE TU EACH VARIABLE IF IT WERE LAST TO ENTER REGRESSIOV
2 41,26720
4 1871.54%

STANDARD DEVIATION OF REGRESSION COEFFICIENTS (DERIVED FROM DIAGONAL ELEMENTS OF {X TRANSPDSE X)INVERSE MATRIX
0 04354375

2 0.329833E~-02

4 0.32144BE-02

(X TRANSPOSE X) INVERSE MATRIX

ROW 1 0.589681E-05

ROW 2 0.342836E-05 0.559879E-05
SAMPLE NEWRAP PROBLEM

CALCULATED T STATISTICS
THE T STATISTICS CAN BE USED TO TEST THE NET REGRESSION COEFFICIENTS B(I).
4.728664
31.84403
UNDER NULL 4YPOTHESIS THE INTERVAL (-T,T) WHERE T IS GIVEN ABOVE, HAS APPROX PROBABILITY LISTELC BELOW.
MINUS SIGN INDICATES PROB EXCEEDS «999.
2 0.997
4 -2.999

THE DESIRED VALUE OF PRUBABILITY IS 95.0 PERCENT
SAMPLE NEWRAP PRUBLEM

FOR EACH DE?ENDENT TERM AND OBSERVATION IS PRINTED

OBSERVED RESPONSF (Y OBSERVED)

CALCULATED RESPONSE (Y CALC)

RESIDUAL (YIBS- YCALC=YDIF}

STUDENTIZUD RESIDUAL { Z }

Y OBSERVED 1.4000
Y CALC 5.0550
Y DIF -3.6550
STUDENTIZED -2.6905

Y OBSERVED 26.300

Y CALC 27.C63
Y DIF -0.7033
STUDENTIZLD -0.5019
Y OBSERVED 29.400
Y CALC 27.063
Y OIF 243367

STUDENTIZcD 1.7200

H



Y NBSERVED
Y CALC

Y DIF
STUDENTLZ:D

Y NBSERVEL
Y CALC
Y DIF
STUDENTIZZD

Y OBSERVED
Y CALC

Y DIF
STUDENTIZ+D

Y OBSERVED
¥ CALC
Y DIF
STUDENTIZ®D

Y OBSERVEU
Y CaLC

Y DIF
STUDENTIZ: 1)

Y DBSERVED
¥ caLC

Y DIF
STUDENTIZ' D

¥ UBSERVED
Y CALC

Y DIF
STUDENTIZLD

SAMPLE NEWAP PRUBLEM

Y OBSERVED
Y CALC

Y DIF
STUDENTIZED

Y OBSERVED
Y CALC

Y DIF
STUDENTIZED

Y OBSERVED
Y CALC
Y DIF
STUDENTIZED

Y OBSERVED
Y CALC
Y OIF
STUDENTIZED

¥ OBSERVED
Y CALC
Y DIF
STUDENTIZED

Y DBSERVEUD
Y CALC

Y DIF
STUDENTIZLOD

Y OBSERVED
Y CALC

Y DIF
STUDENTIZ:D

Y OBSERV:L
Y CALC
Y DIF
STUDENTIZCD

Y OBSERVESD
Y CALC
Y OIF
STUDENTIZ: D

Y OBSERVEL
Y CALC

Y DIF
STUDENTIZ. D

SAMPLE N“:WRAP PRUBLEM

Y NBSERVED
Y CALC

Y DIF
STUDENTIZ. D

9.7000
Se550
4.0450
3.4191

32.900
27.u63
5.8367
4e2964

26,400
25.893
0.5566
0.3729

8.4000
TeTa20
De6.50
0.4527

28.400
25.893
2.5066
1.8451

11.500
7.7850
3.7150
2.7346

1.3000
5.6550
-3.7550
-2+7041

21.400
27.063
=5.60633
-4.1688

4000
3.8851
-3.4851
=2.5654

22.900
29.793
-6.8932
-5.0741

3. 7600
5.0550
-1.3550
~0.9974

26.500
25.493
0.6U66
0.4466

23.400
254893
=2.4934
-1.8354

26.500
25.893
0.60606
0.4466

548000
T.7850
-le9050
-la4tll

7.4C00
TeT7850
=0. 3850
-0.2834

5.8000
T.7850
-1.9850
-l.4611

28.6C0
25.893
2.9.66
2.1398



Y OBSERVED 26.400
Y CALC 25.893
Y DIF 0.5066
STUDENTIZED 0.3729
Y OBSERVED 11.800
Y CALC T.7850
Y OIF 4.0150
STUDENTIZtD 249555
Y OBSERVED 11.400
Y CALC 7.7850
Y DIF 3.6150
STUDENTIZED 2.6610
CHI-SQUARE STATISTIC WITH 1 DEGREES OF FREEDOM = 5.000000
SKEWNESS = 84087309
KURTOSIS = 76.73972
HISTOGRAM 1
FREQUENCY 9 2 5 8
9 » o - o T
8 * -
7 - »
6 . -
5 - - =
4 . - -
3 - - »
2 - - » -
1 - . » *
INTERVAL 1 2 3 4
CLASS
«0le UNITI5, EOF. REC= 00000 FIL= 00002

NEWRAP DOCUMENTATION AND LISTINGS

The contents of this section include a flow chart of the program, a listing of the
routines used in NEWRAP and their major functions, the call structure of the program,

a dictionary of the program, and the listing.

General Mathematical and Logical Flow of Program

The flow of operation in NEWRAP is illustrated in figure 6.
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| Given data I

Perform
transformations

Replications

Calculate
X'X

Calculate
replication
error

X'y
C

Add
one term at
atime

Calculate(X'X)j‘1

I

Compute
coefficients

i

Compute ANOVA data
RZR, G

Want to

delete terms
?

Choose term, among those not
being forced to remain in model,

with minimum significance

Below

critical level
?

Compute
residuals and chi-
squared statistic

Delete proper row and
column from X'X "@

Yes

Compute residuals,
compute numher of cells,
compute chi-squared statistic

Want to
predict variables
?

Given Xp
i

Compute
Xg X' %)~ X0

Compute
52 52
oy. X 04y X0

Figure 6. - Flow chart for NEWRAP.

Yes

points to predict
?
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FORTRAN

BORD

EIGEN

HIST

INVXTX

LOC

MATINV

MFIX
NEWRAP

OUTPLT

PREDCT

RECT
RSTATS

SUMUPS

TRAN
TRIANG
TTEST

Routines and Their Major Functions

Function of routine

Inverts symmetric matrix of order n by adding bordering column to

already inverted matrix of order n -1
Computes eigenvalues and eigenvectors of input symmetric matrix
Prints histogram of residuals
Inverts symmetric matrix

When given row and column indices of symmetric matrix element, it com-
putes location this element would have if only lower triangular part were

stored as vector.

Controls inversion process; computes regression coefficients; computes
eigenvalues and eigenvectors of X'X if requested

Prints X'X and computes and prints C

Executes overall problem control; computes replication error; controls
deletion of variables when given results of t-test

Computes residuals at observed points and plots them. Compute chi-
squared statistic

Computes predicted values, variances, and standard deviations of regres-
sion line and further observations at specified points

Writes rectangular matrix

Computes regression statistics and writes regression and lack-of-fit analy-
sis of variance tables

Constructs X'X and X'y matrices one observation at a time, in double
precision

Performs transformations
Writes lower triangular part of symmetric matrix

Computes t-statistics and their significance levels; determines which vari-
able should be deleted

Call Structure of Program

The call structure of the program is illustrated in figure 7.
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OUTPLT | ot
- BORD L0C
| LOC EIGEN
MATINV INVXTX
TRANS
NEWRAP | PREDIC o RECT
RECT RSTATS
| sumuPs TRIANG
TRAN LoC
TRIANG
TTEST
RECT
MFIX [
| TRIANG
Figure 7. - Call structure of NEWRAP,
Dictionary of Program
FORTRAN Mathematical Description
name symbol
ACTDEV & Error in observation i; difference between observed
and predicted response
B b Regression coefficients other than the constant
BO bg Constant regression coefficient
BZERO Logical variable set to T if constant bO coefficient
should be in regression model
CHISQ %2 Chi-squared statistic
CON Constants used in transformations, and results of
transformations
DELETE Logical variable set to T when deletion of terms is
desired
DUMMY Extra array used for plotting data
ECONMY Logical variable indicating suppress printout of
X'X, X'X deviations, and C if T
ERRMS 52 Estimate of o2 used in hypothesis tests
FMT Variable input format

43



FMTTRI
IDENT
DOoUT

IFCHI

IFSSR

IFTT
IFWT

INPUT
INPUTS
INTER

10UT

JCOL

KONNO

LENGTH

LIST
NARAY
NCON

NERROR
NLOF

NODEP
NOOB

44

N -J - NPDEG -D

Format for printing matrix
First identification printed at top of each page

Original sequence number of each term relating re-
duced models to original model

Logical variable set to T if residual computations and
plots are desired

Logical variable set to T if sequential regressions
are desired

Logical variable set to T if t-statistics are desired

Logical variable set to T if all weights of observa-
tions are 1.0

Input logical tape unit number for data
Set equal to 5 to denote input device is card reader

Tape unit where input data is stored for use in
OUTPLT

Sequence number of term among those remaining
which is to be deleted

Total number of independent and dependent terms in
regression model

Number of constants originally supplied for transfor-
mations

Number of locations in matrix storage area currently
needed

Set equal to 6 to denote output device is printer
Number of replications per replicate set

Array containing addresses in CON array for use in
transformations

Degrees of freedom for error mean square estimate

Degrees of freedom for estimating variance due to
lack of fit

Number of dependent variables

Number of observations



NOTERM
NOVAR
NPDEG
NREG

NRES

NTERM

NTOT
NTRAN

NTRANS
NWHERE

NXCOD

P

PNCH

POOLED

PREDCT

REPS

REPVAR

RESMS

RNLOF
RNREG

J

K
NPDEG
J
N-J-D
N-D
SSQ(REP)

Number of terms in current regression model
Number of independent variables to be read
Pooled degrees of freedom for replication error

Degrees of freedom for determining variance due to
regression

Degrees of freedom for estimation of residual vari-
ance

Array containing locations of terms in CON array
that should be in regression model

Total degrees of freedom

Array containing transformation codes for use in
performing transformations

Number of transformations to perform

Location in X array of first dependent variable; used
in prediction routine to adjust for deleted terms

Array containing addresses of variables (or terms
with address >60) for use in transformations

Probability that interval (-t, t) must have before a
term is considered to be significant

Logical variable set to T if residuals are to be
punched

Array containing pooled sums of squares from rep-
lications for each dependent term

Logical variable set to T if prediction option is de-
sired

Logical variable set to T if there are replicate sets
in data

Array containing replication variance of each de-
pendent term

Array containing residual mean square or variance
of each dependent term

Reciprocal of degrees of freedom for lack of fit

Reciprocal of degrees of freedom for regression
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RNRES
RWT
SATRTD

STORYX

SUMX 3x,20¥
SUMX2 Exz,Zyz
SUMXX X'X

sumMxxi  (x'x)"1

SUMXY X'y
TOTWT w;

X

XCHK

ZEAN E(X),

$IBFTC BLDV

BLOCK DATA

COMMON /FRMTS/ FMT(13),FMTTRI(14)
COMMON/BIG/B{60,9)ySUMXY (60,9)y SUMXX(1830),SUMXXI(1830)

X+DUMMY (2300)

DOUBLE PRECISION BySUMXY,SUMXX,SUMXXI
COMMON/MED/BD(9) 4 SUMX(69)+ SUMX2(69)+SUMY2(9) 2 LEAN(69)
X CON(99),ERRMS{9),IDENT(13),ID0UT(60)4NCON(200) 4NTERM(69),

46

Reciprocal of degrees of freedom for residual
Reciprocal of total weight

Logical variable indicating that there are no degrees
of freedom for residual if T

Logical variéble set to T if eigenvectors and eigen-
values of X'X are to be computed and printed

Array containing sums of independent and dependent
terms

Array containing sum of squared independent and de-
pendent terms

Sums of squares and crossproducts matrix, and
variance-covariance matrix of independent terms

Inverse of variance-covariance matrix of independent
variables

Array containing sums of crossproducts of independ-
ent terms with dependent terms

Sum of weight of observations

Before transformations are performed, this contains
the variables as read in., After transformations
are performed, appropriate data from CON array
are placed here according to information on
TERMS cards.

Array used in checking if all values of independent
terms are the same within a replicate set

Expected or mean value (or X)

Program Listing

NP, W



X NTRAN(100),NXCOD(100),POOLED(9),REPVAR{9),RESMS(9},X(99)
DOUBLE PRECISION BO, SUMX,SU MXZ2,SUMY2,ZEAN

COMMON/SMALL/ BYPASS+.BZERD,DELETEs FIRST, IFCHI. IFSSR,

X IFTT, IFWT, INPUT, INPUTS, INTER,

X ISTRAT, cot, KONND, LENGTH, LIST,

X NERRORy NODEP, NOOB NOTERM,
X NOVAR, NPDEG, NRES, NTRANS, NWHERE »
X P, PREDCT, REPS, RWT,

X STORYI, STORYC, STORYX, TOTWT, WEIGHT,

X ERRFXD, ECONMY, 10UT, ICOL

LOGICAL ECONMY

DOUBLE PRECISION RWT,TOTWT,WEIGHT

DATA INTER/3/,INPUTS5/5/, LIST/6/

DATA (FMTTRI(I),I=1,4)/6H{5H RO, 6HW I542y 6HX,(8Gl, 6H5.6}) /
COMMODN/MAX/MAXPLT

MAXPLT SHOULD BE THE NUMBER OF SINGLE LENGTH WORDS IN COMMON/BIG/
BEGINNING AT THE FIRST LOGCATION OF SUMXY

DATA MAXPLT/10700/

END

$IBFTC NEWRAP

c
c THIS IS NEWRAP, MAIN PROGRAM FOR REGRESSION ANALYSIS PROVIDING
c INTERNAL EVALUATION OF RESULTS.,

C'l-lI'l'l'l{I (A2 R 22 R 222 S A2 22 R 22 LR RS2SR S2 X 22X X R X2 R SRR X2 2 X2 2 X2 R X2

c

COMMIN /FRMTS/ FMT(13),FMTTRI(14)
COMMON/BIG/B{60459)sSUMXY(60,9),SUMXX({1830),SUMXXI(1830)
DOUBLE PRECISION BySUMXY,SUMXXsSUMXXI
COMMON/MED/BO(9) ,SUMK(691,SUMX2(69),SUMY2(9),ZEAN(69),

X CON{(99),ERRMS{9),IDENT{13),IDOUT(60),NCON(200) 4NTERM(69),
X NTRAN(100),NXCOD(100),POOLED(9),REPVAR(9)4RESMS(9),X(99)
DOUBLE PRECISION BO, SUMX,5U MX2,SUMY2,ZEAN

COMMON/SMALL/ BYPASS,BZERD,DELETE, FIRST, IFCHI, [IFSSR,
X IFTT, IFWT, INPUT, INPUTS, INTER,

X ISTRAT, JCOL, KONNO, LENGTH, LIST,
X NERROR, NODEP, NOGB., NOTERM,
X NOV AR, NPDEG, NRES, NTRANS» NWHERE
X P PREDCT, REPS, RWT,
X STORYI, STORYC, STORYX, TOTWT, WEIGHT,

X ERRFXD, ECONMY, 1I0UT, ICOL
LOGICAL ECONMY
DOUBLE PRECISION RWT, TOTWT ,WEIGHT

LOGICAL BYPASS, BZERO, DELETE, IFCHI,
XIFSSR, IFTT, IFWT, REPS, PREDCT,
XSTORYZ STORYX, STORYI, FIRST +ERRFXD

LOGICAL XSAVE
LOGICAL PNCH
DIMENSION XCHK(60)

[ 2 2 TR Iy Y N Y Y T YIS TS 2%

EQUIVALENCE (NARAYySUMMXI),(S,80), (SSQ,REPVAR)
DIMENSION NARAY(1830),S(9),SSQ(9)

CHRRABARARZERRRERRZERARERE RN R RRES S SRR BB FFRRR AR RREERE SR RRRFREERRN SR

ZERD OUT ALL ODATA ARRAYS EACH NEW DATA SET

100 DO 101 J=1,4740

<

VO NOTNPOUN



101

102
c

B{J.1)=0.000
DO 102 J=1,225
80(J})=0.0D0

[ T2 XSRS SIS SIS ISR SIS RS S RIS SR SRS SRS IS Y S 2

c
c

113
115

120

L2 2 2

JC
LE

140

145
c

READ IDENTIFICATION CARD AND OPTIOMS CARD

READ(INPUT5,110) I,.IDENT
WRITE(LIST,111) IDENT
FIRST=,TRUE.
ERRFXJO=4FALSE,

IF{I) 120,120,115

READ(UINPUTS,300) FMT
WRITE{LIST,301) FMT
I=I-1

GO TO 113

READ(INPUTS5,1282) NDVAR,NODEP,NOTERM,NODB,NTKEEP
WRITE(LIST»1283) NOVAR,NODEP,NOTERM,NOOB

IF(NTKEEP<NE.O) WRITE(LIST,1307) NTKEEP

READ(INPUT5,117) BZERO, IFTT, IFWTs IFCHI, STORYX, IFSSR,
X ECONMY, ISTRAT, PNCH

WRITE(LIST,118) BZERO, IFTT, IFWT, IFCHI, STORYX, IFSSR, ECONMY,

XISTRAT, PNCH

I E22 X2 2222 RS2 X222 222221 2122222222222l 2222222222 X222 X2 ]

THESE ARE INITIALIZATIONS MADE BEFORE EACH SET OF DATA

OL IS THE NUMBER OF TERMS IN THE TOTAL REGRESSION EQUATION
NGTH IS THE NUMBER OF STORES NEEDED FOR THE MATRICES
LENGTH= NOTERM*{(NOTERM+11)/2

ICOL=NOVAR + NODEP

JCOL = NOTERM +NODEP

NWHERE= NOTERM

REWIND INTER

DO 143 J=1,60

IDOUT(J) = J

NTERM{ J)=J

DO 145 J=1,100

NXCOD(J) =4

NTRAN(J)=0

NCON(2#J)=J

c

c

C

C ICOL DETERMINES THE NUMBER OF VARIABLES READ PER OBSERVATION
c

c

CHERRERERXERERSERXERRFERREFRRERE RS RERRERRRESERTRERRRRRERRRERTEEER RS ERRE

Cuannsx

IF(BZERO) WRITE(LIST,190)

IF(.NJT.BZERO) WRITE{(LIST,170)
L I T Ty T e N Y I
READ({INPUTS5,282) NTRANS,KONNO

IF{NTRANS.EQ.O0) GO TO 255

220 READ (INPUTS5,230)(NTERM{K),K=1,J4C0L)

WRITE(LIST,235) (NTERM{K),K=1,JCOL)

READ (INPUT5,230)(NXCOD(I) s NTRAN(T) 4NCON(2#I-1) ,NCON(2#]),I=1,NTR
AANS )

WRITE(LIST240) (NXCOD(I)yNTRAN{I),NCON(2%1-1),NCON(2%1),I=1,

X NTANS)

IF({KDNNQO) 255,255,250

250 READ (INPUTS5,260)(CON(I)sI=1,K0ONND)

WRITE(LIST,262) (CON(I)y I=1,KONNDO)

CHEZBRFBERRERRRRERERREFRERERE BB NRERRTRRRXRIRRT R TR TN AR EEER NN

c
255
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READ(INPUTS,257) DELETE,P
IF(DELETE) IFTT=.TRUE.



T T e e e R R R S et Al Al
IF THERE ARE REPLICATED POINTS READ IN THE NUMBER OF POINTS AND
THE NUMBER OF REPLICATIONS. SINGLE DATA POINTS ARE DATA POINTS
REPLIZATED UNCE. OBSERVED DATA MUST BE ARRANGED IN THE ORDER
IMPLIED HERE.
READ(INPUTS,257) REPS
XSAVE=oFALSE.
265 IF{.NJT.REPS) GO TO 290
READ(INPUTS5,282) IREP, (NARAY(I),I=1,IREP)
WRITE(LIST,284) IREP
WRITE(LIST,283){NARAY(I),I=1,IREP)
NPDLG=0
IREP=1
IC=4ARAY(1)
XSAVE=.TRUE,
DO 315 I=1,NODEP
POULED(I)=0.0
StI1)=3.0
315 SSQ(I)=0.0
c
CNt s R e NN R R RN RN R TR E NN E R AR RN RN RN RN R R R AR R R R R RN RRRR RN RERNEN
c READ VARIABLE FORMAT FOR DATA
290 REAU{INPUTS,11i0) INPUT,FMT
WRITE(LIST,111) FMT
310 TOTWT=3.,0D0
WEIGHT=1.,000
WRITE(LIST,301) IDENT

SO0

c
Ca s R AR AR R R E RN ERE R R R ERE R R R RN RN F AR R AR EE SRR R RN R E R R R R R RN RRR R XN
c READ IN INPUT VARIABLES
DO 492 J=1,N008
330 IF(.NITLIFWT) GO TO 350
340 READ (INPUT,FMT) (X{I),I=1,ICOL)
GO TO 360
350 READ (INPUT,FMT)(X{I),I=1,ICOL), WEIGHT
360 CONTINUE
IF(izCONMY) WRITE(LIST,381) J.(X(1),1=1,1C0L)
381 FORMAT(LH [449G14+6/({5X+9G1l4.6))
IF(NTRIANSLEQ.0) GO TO 450
IF(ECINMY) GO TO 390
WRITE(LIST,370)WEIGHT,J
WRITE (LIST,380)(X(I),I=1,ICOL}
390 CALL TRANS
420 DO <30 K=1,J4C0OL
I=NTEIM(K)
X{K) = CON{I)
430 CONTINUE
450 CONTINJE
IF(ECIONMY) GO TO 4609
WRITE(LIST,460) J
461 WRITE (LIST,380)(X(I),I=1,JCO0L)
4609 CONTINJE
IF(IFZHI) WRITECINTER) (X(I),I=1469),WEIGHT
IF{.NJT.XSAVE) GO TJ 4611
DO 4610 K=1,NOTERM
4610 XCHK{L)=X (K}
XSAVE=.FALSE,.
4611 CONTINUE
c

Ci!l{ii}ll’*!i!‘i{ili**ii{l’il*l**I'{-l*I-l{l-ll-l-il-l-l-ill&**i**ll#}i**ll}ll*!il’*

99
100
io1l
102
103
104
105
106
107
108

133
134

138
139
140
141
142
143
144
145
146
147
148
149
1Sﬁ
151
152
153
154
155
156
157
18
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4629

463
464

465
466

468

469

475
C

COMPJTE THE ERROR VARIANCE FROM REPLICATED DATA
IF{.NJT.REPS) GO TO 480

16070 =1

IF(NARAY(IREP)}GT.1) IGOTD=2
IF{JeSE.IC) WRITE(O69462) IREP
DO 475 I=1,NODEP

[FLI-1) 4629,+4629,464%

DO 463 K=1,NOTERM
IF(X(K)«NE.XCHK{K)) GO TO 2001
CONTINUE

CONTINUE

KBAR=NOTERM+I

S{I)=S(I)+X{KBAR)
SSQ{I)=SSQUI}+X(KBAR ) *#2
IF(J-IC) 475,465,465

GO TO (468,466),1GOTOD
ZEAN(1)=S(I)/FLOAT{NARAY(IREP))
SSQUI) = SSQ(I) - ZEAN(1)#=S(]I)
POOLED(I)=POOLED(I)+SSQ(1I)
WRITE(LIST,467) I,SSQ(I),S(I),ZEAN(]1)
IF{T.LT.NODEP) GO TO 469 .
NPDEG=NPDEG+NARAY(IREP) -1
IREP=]REP+1

IC = IC + NARAY(IREP)
WRITE(LIST,4671)

S{11=2.0

$SQ(I1)=0.,0

XSAVE=4TRUE,

CONTINUE

C*}*il*lﬂl{l}{}**}*l’iI-I-*I‘Il' I ZEZ R 22 X222 2222 R R A2 2 R XX SR R L 2 A X R X R 22

c
480
490
c

493
496
c

CALCULATE SUMS, SUMS OF SQUARES AND SUMS OF CROSS PRODUCTS.

CALL Sumup

CONTINUE

490 CIONTINUE IS THE END OF THE LOOP FOR READING DATA CARDS
IF(.NJT.REPS) GO TO 496

00 493 I=1,NODEP

REPVAR(I)=POOCLED(I)/FLOAT(NPDEG)

CONTINUE

CONTINJE

C**i}ii**ilil*il!***i***li'l"lﬂl'-l»I-‘Il-lwl-**}li*l}li*&i*l*lﬂl**i***}{*i**l*l’**i--l-

c
c
C

c

ALL DATA HAS BEEN READ IN AND THE XTRANSPOSEX AND XTRANSPOSEY
MATRIX HAVE BEEN CALCULATED.

NOW WRITE THE MATRICES

CALL MFIX

REWIND INTER

GO TO 640

CRRERXFFREFERRENENEREERSEE R REELHEREEREREENTERERER R EERRRRREEREREREERR

c
c
6500

50

THIS ZODING DELETES THE DATA FRUM THE SUMXX MATRIX
CORRESPONDING TO THE INDEPENDENT TERM DELETED
CONTINUE

IR=10JT-1

IC= NIOTERM - IOUT

IF ( IC.EQ. D) GO TD 670¢

INOCH= IOUT=IR/2

INEW = INOCH

I0LH = INEW + I0UT

IRC=D

IBC=0

[ITC=D

159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220



DO 6630 I=I0LDyLENGTH
INEW = INEW+1
IOLD=I0LD + 1
IF(ITC.GT.0) GO TO 6540
IRC=IC + 1
IF{IRZ.GT.IR) GO TO 6530
SUMXX{ INEW)=SUMXX(IOLD]}
GO TO 6600
6530 IBC=1IBC + 1
ITC = IBC
IOLD = I0LD+1
IRC= )
6540 ITC = ITC ~1
SUMXX(INEW)=SUMXX{IOLD)
6600 CONTINUE
6700 LENGTH = LENGTH-NOTERM
NOTER4= NOTERM -1
JCOL= NOTERM+NODEP
C
Cil’.**'.*ll‘.l‘l’*i{i&ll'l‘l‘!‘l’ll‘*".i*i*l**&l*!li{l’l‘.’i*‘l"**l*il’*l{*”l*l’!*
C INVERT THE SUMXX MATRIX AND COMPUTE REGRESSION COEFS
c AND SJMS OF SQUARES DUE TD REGRESSION IN THE MATRIX INVERSION
c ROUTINE
640 CONTINUE
CALL MATINV
FIRST=,FALSE.
c
C{‘I"l‘l'llil"l'i'llilil*lﬂll’l’{"i*l}lll’l’l‘l‘}*‘{illl‘l‘li*{*l’*llﬂll’l**l**"*l*l’l'
c WRITE(XTX) INVERSE. THIS MATRIX TIMES ERROR MEAN SQUARE (ERRMS)
c IS THE VARIANCE-COVARIANCE MATRIX OF REGRESSION COEFFICIENTS.
IF(ECONMY) GO TO 970
WRITE(LIST,700)
CALL TRIANG(X,SUMXXI sNOTERM48,FMTTRI,2)
C
(2222 T RS IRTITEZE ISR LSS RIS RS2SRSS RS S S SA SRSS SERS ISR X
c IF A VARTIABLE HAS BEEN DELETED ADJUST COUNTERS AND RECOMPUTE THE
c REGRESSION, IF NO VARIABLE HAS BEEN DELETED CONTROL WILL PASS
c FROM THE TTEST ROUTINE TO THE CHI-SQUARE OPTION.
970 CONTINUE
IF(.NJT.IFTT) GO TO 1020
980 WRITE (LIST.301)IDENT
CALL TTEST{$1020,NTKEEP)
IF{NODEP-1) 985,990,985
985 WRITE{LIST,986) NODEP
NODEP=1
990 J=J4COL-1
DO 995 K=I0UT,J
NTERMUK)=NTERM(K+1)
ZEAN(K) ZEAN(K+1)
SUMX (K} SUMX(K+1)
SUMX2IK) = SUMX2(K+1")
IDOUT(K) = IDOUT(K+1)
SUMXY{Ksl)= SUMXY(K+1l.,1)
995 CONTINUE
IF{NOTERM.EQe1) GO TO 1000
GO TO 6500
1000 WRITE(LIST,1005)
NOTERY=0
GO TD 1035

c

CHEARAZRRAZRREREREFRR BB ERRR B EERAERREFRAL LR BERFERRRREERRERREREERERRRRRREERR

c

282
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1020 IF(.NJT.IFCHI) GO TD 1035
1030 WRITE(LIST,301) IDENT
CALL JUTPLT(PNCH)
c
CRREARZEEFERERAZFRRERERFRBERRRRR AR R RRFRFRESR RN RRERRBERE R R R RR R EEREREE R
1035 READ(INPUTS5,117) PREDCT
IF{.NJT.PREDCT) GO TO 100
CALL PREDIC
1040 GO TO 100
c
CHBERRERFRRERBRRERREFES BTG R R RS RE R X RRETERNN NI 30035303 RE RS
2001 WRITE(LIST,1306)
sToOP
(X T2 IR IRIETI LTSI SIS ST NIFT R RS T TR TR L F Y L X g R g g N R R g g gy
8001 FORMAT(1H1)
8002 FORMAT(1H2)

110 FORMAT (12,13A46)

111 FORMAT ({1His13A6,4A2)

117 FORMAT(7L1,I1,L1)

118 FORMAT(1H T7L1,Ii,.L1)

170 FORMAT(33H THERE IS NO BO TERM IN THE MODEL)

190 FORMAT(26H THERE IS A BO TO ESTIMATE )

230 FORMAT(4012)

235 FORMAT (11H NTERM(K)= /(1H 3014))

240 FORMAT(25H THE TRANSFORMATIONS ARE /(1lH 50414,5X)))

257 FORMAT( 1L1l, F3.3)

260 FORMAT(5E15.7)

262 FORMAT (19H THE CONSTANTS ARE /((1lH 8Gl5.7)))

282 FORMAT(2014)

283 FORMAT({1H 20I4)

284 FORMAT(11H THERE ARE 15,16H REPLICATE SETS )

300 FORMAT{13A6,1A2)

301 FORMAT (1H 13A6,A2)

370 FORMAT{1HO,29HOBSERVED VARIABLESy WEIGHT = Gl4.6,6X,15HOBSERVATION
1 = ,135)

380 FORMAT{LH 9Gl4.6)

460 FORMAT(1H ,37HTERMS OF THE EQUATION, OBSERVATION = ,1I5)

462 FORMAT(18HK## REPLICATE SET 1543X,100(1H=))

4671 FORMAT(1H 125(1H#))

467 FORMAT(14H DEP. VAR. 164 8H $S5Q=Gl4+7+8H SUM=G14.7,8H M
XEAN= 514.7)

540 FORMAT(1H 86G14.7)

560 FORMAT (21H2X TRANSPOSE X MATRIX )

670 FORMAT(25H2CORRELATION COEFFICIENTS )

700 FORMAT(32H2(X TRANSPOSE X) INVERSE MATRIX )

986 FORMAT{39H THE NUMBER OF DEPENDENT VARIABLES WAS 13,83H IT IS BE
XING SEZT TO ONE AND THE REJECTION OPTION EXERCISED ON DEPENDENT VAR
XTABLE 1 }

1005 FORMAT(39H THERE IS NO EVIDENCE OF A REGRESSION. /
X 74H USE THE MEAN RESPONSE FOR THE BEST ESTIMATE OF THE DEPEND
XENT VARIABLE(S). )

1282 FORMAT(314,15,14)

1283 FORMAT({1H 314,15)

1306 FORMAT(40H REPLICATE SETS ARE NOT GROUPED PROPERLY )

1307 FORMAT(1lH THE FIRST I2,64H TERMS OF THE MODEL WILL BE RETAINED R
XEGARDLESS OF SIGNIFICANCE }

END
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S$IBFTC MATINX

C
c
C

SUBROJTINE MATINV

(X T T RS Y Y R I YRS YIRS XSS SR RIS IS S FFSS SIS SIS SR SIS SRR L 28 2 3

[aEgizieNeslsisisEsEelslgNelaEalaNalaNalasNelaRaNa N el

C

PURPOSE
1)COMPUTE EIGENVALUES AND EIGENVECTORS OF (X~TRANSPOSE X)
MATRIX IF REQUESTED. (STORYX=,TRUE.)
2)COMPUTE (X TRANSPOSE X) INVERSE
3) COMPUTE REGRESSION COEFFICIENTS
4) COMPUTE OTHER REGRESSION STATISTICS

SUBROUTINES NEEDED

BORD

LOC

EIGEN

INVXTX

RECT

RSTATS
TRIANG

REMARKS
THE EIGENVALUES ARE COMPUTED AS AN AID IN DETERMINING THE
CONDITION OF THE SYSTEM OF EQUATIONS FOR THE REGRESSION
COEFFICIENTS. EXAMINATION OF THEM AND THEIR ASSOCIATED
EIGENVECTORS MAY SHOW THAT CERTAIN SETS OF INDEPENDENT
VARIABLES ARE HIGHLY CORRELATED AND NOT EASILY LIABLE TO
INDEPENDENT STUDY.

SUBROJTINE MATINV

CHERHRBRERERFERRNREERNEERRN RN IR I N NN RE RN R NN R R EE

c

COMMON/BIG/B(6049) 3 SUMXY (6049),SUMXX(1830),SUMXXI(1830)
DOUBLE PRECISION BySUMXY,SUMXX,SUMXXI
COMMON/MED/B0(9) » SUMX( 69}y SUMX2{69),SUMY2(9) 4 ZEAN(69)»
X COUN(939),ERRMS{9)»IDENT(13),IDOUT(60),NCON(200),NTERM(69},
X NTRAN(IO00},NXCOD(100),PO0LED(9I),REPVAR(I)RESMS(F)+X(99)
DOUBLE PRECISION BDySUMX,SU MX2,SUMY2,ZEAN
COMMIN /FRMTS/ FMT(13),FMTTRI(1i4)

COMMON/SMALL/ BYPASS,BZERO,DELETEy FIRST, IFCHI, IFSSR,

X IFTT, IFNT, INPUT, INPUT51 INTERv

X ISTRAT, JCOL, KONNO, LENGTH, LIST,

X NERROR » NODEP, NOOB, NOTERM,
X NOV AR, NPDEG, NRES, NTRANS, NWHERE ,
X STORYI, STORYC, STORYX, TOTWT, WEIGHT,

X ERRFXD., ECONMY, [I0OuUT, ICOL
LOGICAL ECONMY

LOGICAL BYPASS, BZERO, DELETE, IFCHI
XIFSSR,y IFTT, IFWT, REPS, PREDCT,
XSTORYZ e STORYXy STORYI, FIRST ,ERRFXD

DOUBLE PRECISION RWT+TOTWT,WEIGHT

DIMENSION A(1),C{1),XTX(3)

EQUIVALENCE (A,SUMXXI),{CySUMXXI(915))}

DOUBLE PRECISION SUM

DATA (XTX{I),I=1,3) /6HX TRAN, 6HSPOSE , 6HX /

Clﬂl‘**llllill’ LA 22 S22 2R R 2l 2SRt 2 22222 R 2R 2 XX X A 2 X 22 RS R R X R 2 X X

IORDER= NOTERM
IF{NOTERM=-1) 10,10,12



10 SUMXXI(1l)= l.U/SUMX2(1)
GO TO 350

12 IF(.NJT. STORYX) GO TO 30
DO 14 I=1.LENGTH
A{I)=SUMXX(I)
14 CONTINUE
16 CALL EIGEN{A,C » IORDER,0)
WRITE(LIST171(XTX(I)sI=143})
J=0
DO 18 I=1,I0RDER
J=J+1
18 A(I)=A(J)
WRITE(LIST,19) (A(I),I=1,I0RDER)
WRITE(LIST,20)
CALL RECT(IORDER,IORDER, IORDER, IORDER,CyX sFMTTRI,1)
30 DO 35 I=1,LENGTH
35 SUMXXI (I)}=SUMXX(I)
c

R I T T T T T T T Ry eI T F S RN
c NC SJBMODELS TO ANALYZE SO INVERT A DIRECTLY BY GAUSS
49 IF(IFSSR) GO TO 50
CALL INVXTX(SUMXXI4NOTERM,Dy1.90)
GO TO 50
C

I TN T T T T T YT Y
cc SUBMODELS HAVE BEEN REQUESTED SO WE USE BORDERING
50 IORDER=0
55 TORDER=IDRDER +1
CALL BORD(IORDER,SUMXXI)
60 CONTINUE
C

L T T TSR F YL YT
c COMPUTE COEFFICIENTS AND PRINT THEM
C
350 DO 37) J=1,NODEP
DO 373 K=1,I0RDER
B{K,J)=0.0D0
DO 37) t=1,I10RDER
CALL LOC(L.KsIR)
B(KsJ) = B(KyJd) ¢+ SUMXXI(IR)*SUMXY(L,J)
370 CONTINUE

WRITE(LIST»380) IDENT

WRITE(LIST,382)

IF(.,NJT.BZERO) GO TO 400

DO 39) J=1.,NODEP

SUM=0.0D0

KBAR= NOTERM + J

DO 385 K=1,I0RDER

SUM = SUM + B(K,J)#ZEAN(K)
385 CONTINUE

BO{J)= ZEAN(KBAR) -SUM
390 CONTINUE

WRITE(LIST,395)

WRITE(LIST,397) (8BO(K),K=1,NODEP)
400 WRITE(LIST.410)

DO 432 J=1,I0RDER

WRITE(LIST,432) IDOUT{J),(B(JsK),K=1,NODEP)
430 CONTINUE

54
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c
c

c

COMPUTE REGRESSION STATISTICS IN RSTATS

CALL RRSTATS{IORDER}

CHER SRR R A AR AR R R R R R R ARA AR EERR AR AR B AR R XA RERDERRR AR ERERRERRRR SRR R R NR

c
c
c

500

17
19
290

380
382

395
397
410
432

IF IDDER IS LESS THAN NOTERM WE HAVE USED THE BORDERING OPTION
AND MJST GO BACK TO FINISH.

IF(IOIDER~NOTERM) 55,500,500

STORYX=4FALSE.

IFSSR=,FALSE.

RETURN

FORMAT (34H2THE FOLLOWING ARE EIGENVALUES OF 2A6,A1, T7TH MATRIX)

FORMAT (1H 8Gl6.:7)

FORMAT(132H2THIS IS THE MDDAL MATRIX OR MATRIX OF EIGENVECTORS, EI
1GENVEZTORS ARE WRITTEN IN COLUMNS LEFT TO RIGHT IN SAME ORDER AS
2EIGENVALUES )

FORMAT (1H1,13A6,1A2)

FORMAT{ 61H EACH CDLUMN CONTAINS THE COEFFICIENTS FOR ONE DEPENDEN
XT T=RY )

FORMAT (20H CONSTANT TERM (80) )

FORMAT (4X4+9G14.6)

FORMAT {36H REGRESSION COEFFICIENTS (BljyesasBK) )

FORMAT(1H 13,9G14.6)

END

$IBFTC TTeSTX

Cil*lii{ililil*ﬁ&{&l&**i*l*****{*i****i*liiillili*'iiil*i*ll*l!l!!iiﬁ*i*

c
C
C
c
c
c
c
c
C
C

c

SUBROJTINE TTEST

PURPOSE
COMPUTE THE T-STATISTICS FOR EACH REGRESSION TERM AND
ITS TWO TAILED SIGHWIFICANCE LtVEL. THEN DETERMINE THE
TERM WITH THE LEAST SIGNIFICANCE AND RETURN THIS
INFORMATION TO NEWRAP

L2 22 X2 2 22 RS2 RS A2 X RSS2 22 R RS EZ ARSI RSS2SR R 2222 R Rt R R4

SUBRDJTINE TTEST(*,NTKEEP)

CREXERRRREHEE TR RS FEEREREER NN R RN NNTHNENRRRNI I TR ERRRE R

COMMIN /FRMTS/ FMT{13),FMTTRI(14)
COMMON/BIG/B(60,9)ySUMXY(60,9),SUMXX(1830),SUMXXI(1830)
X 2 DUMMY(1)

DOUBLE PRECISION BsSUMXY,SUMXX,SUMXXI
COMMON/MED/B0(9),SUMX(69)ySUMX2(63),SUMY2(9)+ZEAN(69),
X CON{99),ERRMS{9),IDENT(13),IDDUT(60),NCON{200) 4NTERM(69),
X NTRAN{100),NXCOD(100),POOLED(9)4REPVAR{I9),RESM5(9),X(99)
DOUBLE PRECISION BOsSUMX,SU MX2,SUMY2,ZEAN

COMMON/SMALL/ BYPASS,BZERO,DELETE, FIRST, IFCHI, IFSSR,
X IFTT, IFWT, INPUT, INPUTS, INTER,
X ISTRAT, JCoL, KONNO, LENGTH, LIST,

X NERROR, NODEP, NOO0B8, NOTERM,
X NOV AR, NPDEG, NRES, NTRANS NWHERE »
X P PREDCT, REPS, RWT,

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
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c

CHEXREXFERERELEERERERERRREEERRERERERERREREREREREERTE RN ERERERRRER R ERRRERR

c

CHERRXRERRRR RS HEERE RN TN MW RTRTERE RTINS NN N RN

56

X

S10RYI, STORYCy STORYXy TOTWT, WEIGHT,

X ERRFXD, ECONMY, 1I0UT, ICOL
LOGICAL ECONMY
LOGICAL SATRTD

LOGICAL BYPASS» BZERO, DELETE., IFCHI,
XIFSSRy IFTT, IFWT, REPS, PREDCT,
XSTORYZ, STORYX, STORYI, FIRST ,ERRFXD

DOUBLE PRECISION RWT, TOTWT,WEIGHT

LOGICAL MAKENU,NOZERD

DIMENS
DIMENS

ION T(35,13),PLEVEL(13)
ION DEVB(60,9) + PROB{60,9) 2TT(60,9)

EQUIVALENCE (DUMMY(91).DEVBsTT)» {DUMMY(650),PROB)

EQUIVA

DATA

LENCE (P,PWANT)

(PLEVEL(JJU)+dJ=1+13) /0e610+0e620+0.30+0640+0.50904604Ce70,

104809206909 0e75,70498,0.99,0.999 /

CTITOMMOOEPOX~NCUVHO N

C=TOTMTMOORE DR NOTHWN

N

DATA

DATA

DATA

(T{1,JJ)9JJ=1513) /0.158+0e32590.510+40.727»1.000,1.376,
10963734C7896031491227069314821163.6579636.619 /,
(T(2+J4)9dJ=1413) /0.142504289+C+445+04617,0.816,1.061,
1638691886924 920,4e3027+64965+9,925,31.598 /
(T{35J3)9dJ=1413) /0e13740e62773;C0e424+0.584,90.765,0.978,
10250191e63892e3539301825,4054195.841+124924 /s
(Tl4+JI) s Jd=1+13) /04134+0627190.414,04569,0.741,0.941,
1019091e533+2e013292e7764+3eT74T94e604+8.610 7
(T(5,JJ)9JJ=1913) /0.13240.26730.408,0e559,04727,0.920,
1.15631e47692¢015,245706332365,44032,6.869 /s
(T(6+JJ)2JJ=1+13) /0.13190e265,04404,0.553,0.718,0.906,
16134910440+ 109439204469+34143+43.70745.959 /s
(T(74J3)4JJ=1+13) /0.130,04263,0.402+,0¢549,0.711,0.896,
10119,1641551e89552636467204998¢30499,5.408 /s
(T(8yJJ)yJJ=1413) /06130+06262904399,0454640.706,0.889,
1610841e397451.860+,243060524896,34355,5.041 /s
(T(99dJ)9JJ=1+13) /0412940.261,0.398,0.543,0.703,0.883,
1¢10051038371e8339262622+4248213534250044781 /o
(T(1lCsJJ)»JJ=1913) /0e129,0426090Ge39740.542,0.700,0.879,
10093414372+1e81212¢228192e¢764+34169544587 /
(T(1lydJd)sJJU=1413) /0.129704260504396,04540,0.,697,0.876,
1.08891e¢363+1479692e2010+2471853410694.437 /s
(T(12:4J)94J=14313) /0e12820e625940+395,0.539,04695,0.873,
1083514356414 782+241788+24681,3.055,4.318 /y
(T(135J4),JJ=1,13) /0.12840425940.394,0.538,0.,694,0.870,
1079416350010 7714261604+24650,3.01294.221 /s
(T(145d0)9JJ=1,13) /0e128404258,0.393,0.537,0.692,0.868,
160761103459 1e761920144872e662492¢97T944140 /y
(T(15yJJ)9yJJ=1413}) /0.12840.258,0¢6393,0.536,0.691,0.,866,
100749103429 1e75342613155,2460252.947,4.073 /s
(T(16+dJ)9JJ=1913) /0e1285042568¢0¢392,0+4535,0.690,0.865,
1607151377510 T%469201199,24583,2492154%4,0i15 /s
(T(179dJ)9JJ=1413) /0.12890.25740¢392,0.534,0.,689,0.863,
1.06991433351e7405261098¢2e¢567+2.898,3.965 !y
(T(184JJ)9Jd=1+913) /0e127+04257+04392,0e6534,0.688,0.862,
1.06741e33091.734,2.100942.552,2.878,3.922 /y
(T(19,dJ)4Jd=1413) /0.127,04257,0.391,04533,0.688,0.861,
1e066+14328491472942.0930,2¢539,2.861,3,883 /s
(T(20,3J)+9J=1513) /0.127+40,2574C0.391,0.533,0.687,0.860,
1.06451e32591e72552.0860,24528,2.845,3.850 /
(T{21,JJ)+4JJ=1,13) /0412740.257,04391404532,0.686,C.859,
1063912323410 72142e0796492.518,2.831,3.819 /s
(T(22¢d3)5Jd=1413) /0.12/40..5640459040e532+:0.686,0.858,



3 160615143219 1e717924073952.508,24819,3,792 /y
4 (T(23,JJ)4dJ=1913) /0.,127+0.256+0439040.532,0.685,0.858,
5 1.06C91e31931e714,240687924500,52.80793.767 /y
6 (T(244JJ)9JJ=1+¢13) /04127+0.256,C.390,0.531,0.685,0.857,
7 1.059514318,1.711,240639,2.492,2.797,3.745 /s
8 (T(253JJ)4J0=1913) /0e127406256+0e¢390504531+0.684,+04856,
9 1005851631691e708324059592648542678793.725 /s
A (TUZ264JJ)9JI=1313) /041279062569 Ce390,0.531,0.684,0,856,
B 1.05B851431591a706,424055542+479424779,3.707 /y
C (T(27+JJ)9JJ=1413) /04127¢0e6256+40.389,0.531,0.684,0,855,
D 1005791031491 703,2e0518524473,24771,3.690 /y
E (T(28+JJ9)¢3J=1+13) /041274062565,0.389,04530,0.,683,04855,
F 1405691e313514701,24048492.467,2.763,43.0674 /
G (T(29,34)4JJ=1+13) /0.127+0.256+04389+0.530,0.683,0.85%,
H 1005591631191e699960452926462,2475643.659 /y
I (T(304,4J)+dJ=1913) /04127+04256906389,04530,0.683,0.854,
J 1a05551631091e697524042392e457+2.75043.646 /
DATA (T(31,3JJ)4JJ=1413) /041269042555, 0.388,06529,0.681,0.,851,

1 100505103034 10468492e¢021192442342.70443.551 /y
2 (T(329dJ19dI=1+13) /0412690e6254,0e38790452790.679,0.848,
3 1604631e29691e67192400035,24390924660,34460 /
4 (T(33,4J)9JJ=1913) /041263062544 0.386,0452690.677,0.845,
5 1604151462899 1e6589169799:2e35842.61743.373 /s
6 (T(349dJ)9JJ=14913) /0.126+0.253,0438B540.524,0,674,0,842,
7 1036914282116 64591049600920326+2.57643.291 /

C

c T(IL,J3J) IS THE T-STATISTIC AT THE TABULATED DEGREES OF FREEDOM

C {II) AND AT THE TABULATED PROBABILITY LEVELS (JJ).

c I1=)EGREFS OF FREEDOM, EXCEPT FOR

c [I=31 IS FOR 40 DEGREES

C 1[=32 IS FOR 60

c I1=33 1S FOR 120

c I1=34 IS FOR INFINITY

c

C JJ PROBABILITY LEVEL * JJ PROBABILITY LEVEL

c 1 0.10 . 8 0.80

c 2 0.20 * 9 0.90

C 3 Ue 30 * 10 0.95

c 4 0«40 * 11 0.98

C 5 0,50 » 12 0.99

c 6 0.60 » 13 0.999

c T V.70 L4

C

CHBRRRAREREFRFRRERREERRHHEN TR EE RERE RN TN R33N R RN

c CALCULATE T STATISTICS

C

220 WRITE (LIST,230)

230 FORMAT{1HO0,23HCALCULATED T STATISTICS /75H THE T STATISTICS CAN BE
1 USED TO TEST THE NET REGRESSION COEFFICIENTS B(I). )
DO 260 J=1,NOTERM
DO 24) K=1,NODEP
TT(J,K)=ABS{B(J,K)/DEVB(JsK) )

240 CONTINUE
WRITE (LIST2250)(TT(J+K) K=1,NODEP}

250 FORMAT(1H 9Gl4.6)

260 CONTINUE

C

Clill’lI'I'Il-ll‘I'!l*l’l*}l‘l*l*‘I-**I&I'-I**llﬂl{l’ﬂ-l--l“l'illlﬁlllil*lliiilﬂlﬂllll*il-*lrll'

NDEG = NERROR

C
o I I I T Ty e Ty Y Y I X
C SEARCH THE TABLE OF TABULATED DEGREES OF FREEDOM

91
92

94
95

97
98
99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
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290
300
310
320
330
340
350
360
370
380

390

400

410 FORMAT(104H UNDER NULL HYPOTHESIS THE INTERVAL
HAS APPROX PROBABILITY LISTED BELOW.
XIGN INDICATES PROB EXCEEDS
IF{.NJ3T.MAKENU) GO TO 43G

420

430

440

450

460

470

480

58

XIVEN ABOVE,

MAKENJ=,FALSE.
IF(NDEG-301290,290,300
II=NDEG

GO TO 400
IF(NDEG-40)316,320,330
FINV=1,0/40.,0
FM1INV=1.0/3040
MAKENJ=e TRUE

11=31

GO TO 400
IF{NDEG-60)340,4350,360
FINV=1,0/60,0
FM1INV=140/40.0
MAKENJ=4TRUE.

I1=32

GO TO 400
IF(NDEG-120)370, 3804 390
FM1INV=1.0/60.0
MAKENJ=eTRUE.

I11=33

GO TO 400

II=34

FINV=0,0
FM1INV=1,0/120.0
MAKENU=4TRUE .

WRITE(LIST,410)

FNDEG=NDEG
DO 420 JJ=1,13

TI353,30N=T{II,JJ)+{(1.0/FNDEG - FINV)/(FMLINV-FINV))*{(T(II-1,J4)
1 =T(II.J4))

CONTINUE

[1=35

DO 550 J=1yNOTERM
DO 540 K=14NODEP
DO 440 JJ=1,413

JJ=J4Jd

IF(T{IIJJ)=-TT{(JsK)) 440,450,460
CONTINUE

PROB(J,K)=-0.999

GO TO 540

PROB{JK)=PLEVEL{(JJ)

GO TO 540
IF(JJ.LE.9) GO TO 470
JJi=JdJ-2

JJe=JdJ-1

JJ3=J44

GO TO 490
IF{JJ.LE.4)GD TO 480
JJl=dJ-1

JJz=J4J

JJ3=4J+1

GO TO 490

JJi=JJ

JJ2z=JJ+1

JJI3=JJ+2

WHERE T IS G

153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
185
196
197
198
199
200
201
202
203
2C4
205
206
207
208
209
210
211
212
213
214
215



I

PERFORM A THREE-POINT LAGRANGE INTERPOLATION

aoOCo

490 X=ALOG(TT(J,K))
X1=ALIGIT(II,,J4J1))
X2=ALIG{T{II,J42}}
X3=ALJIG(T(IL,JJ3))
IF(TT{JyK)eLEs1e0) GO TO 500
Y1=ALOG{l«O0-PLEVEL(JJLI))
Y2=AL3G({1.0-PLEVEL(JJ2))
Y¥3=ALJG(1l.O0-PLEVEL(JJ3))
GO TD 510
500 Y1=ALJG(PLEVEL(JJ1))
Y2=ALJG(PLEVEL(JJ2))
Y3=ALIG(PLEVEL(JU3))
510 PROB{J,K)= {{X-R2)#{X-X3)=2Y1)/((X1-X2)#{X1-X3)) + ({(X=X1)#(X=X3)
1 #Y2)/0(X2=X1)#(X2-X3)} + ((X=X1)#(X~-X2)#Y¥3}/((X3=-X1)#*{(X3-X2))
IF(TT(JsK)-1.0) 520,+520,530
520 PROB(J+K)=EXP(PROB(JsK))
GO TO 540

530 PROB(J,K)=1.0-EXP{PROB{J+K))

540 CONTINUE
Ci‘l'l"I’G*{Il'll‘li!{*}i{’i'l'll*iiil-lill’i‘lil*ll-il'liI'l*ilililli*il’*l‘l‘*lﬂl{
C WRITE THE PROBABILITIES (1.0-ALPHA)

WRITE(LIST,550) IDOUT(J)+(PROB{Js+K)sK=1,NODEP)

550 FORMAT(1H [3,9(8X4F6.31)

560 CONTINUE
c
XX TR ESTR S SRS E RS LSS SNSRI RS R EZI SRR SR RS RS E SRS SRS RS S X X &1
C LIST THE DESIRED VALUE DF PROBABILITY (PWANT)

C
570 PERCEN=PWANT*100.0
WRITE(LIST,580) PERCEN
580 FORMAT{1HO,36HTHE DESIRED VALUE OF PROBABILITY IS ,F5.1s 8H PERCEN
17 )

DELSTE THE TERM WITH THE LOWEST COMPUTED PROBABILITY IF THAT
PROBABILITY IS LESS THAN THAT DESIRED (PWANT)

aNaleaKel

IF{.NJDT.DELETE) GO TO 660
IFINTCKEEP.EW.NOTERM) GO T3 660
I10UT=)
590 AMIN=PWANT
JLO=MAXG(1,NTKEEP)
DO 623 J=JLO,NOTERM
IF(ABS(PROB(J+1))-PAANT) 600,620,620
600 IF(ABS(PROB(J,1))-AMIN)I610,620,620
610 AMIN=ABS(PROB(J,1))
IouT=y
620 CONTINUE
IF(I0JT) 660,660,630
630 WRITE(LIST,050) IDOUT(IDUT)
650 FORMAT(1H i1UX,11HTHE TERM X(,I2,18H) IS BEING DELETED )
GO 710 670
Cc ALL VARIABLES REMAINING HAVE BEEN CONCLUDED SIGNIFICANT
660 RETURNL
670 RETURN
END

216
217
218
219
220
221
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226
227
228
229
230
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232
233
234
235
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237
238
239
240
241
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244
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246
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248
249
250
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252
253
254
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257
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260
261
262
263
264
265
266
267
268
269
270
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$IBFTC RSTATX

[z eaReNeNalaEeNeNaNaNaNaN el

SUBROUTINE RSTATS

PURPOSE
1) COMPUTE AND PRINT THE ANALYSIS OF VARIANCE TABLES ON

REGRESSION AND LACK-OF-FIT IF APPROPRIATE.
2)COMPUTE AND PRINT R-SQUARED AND STANDARD ERROR OF

ESTIMATE
3)COMPUTE AND PRINT SUMS OF SQUARES DUE TO EACH VARIABLE

IF IT WERE LAST TO ENTER REGRESSION
4)COMPUTE AND PRINT THE STANDARD DEVIATIONS OF EACH
REGRESSION COEFFICIENT.

SUBROJTINE RSTATS{IORDER)

CH% 3035550 803403 33 359330 3330 230 23 %03 %50 %%

c

COMMON/BIG/B{60,9),SUMXY(60,9) ¢ SUMXX(1830)+SUMXXI{1830)}
X 2 DUMMY(1)
OOUBLE PRECISION B,SUMXY,SUMXX,SUMXXI
COMMON/MED/BD{9) 4 SUMX(69),SUMX2(69) s SUMY2(9) , ZEAN(69),
X CON(39),ERRMS{91,IDENT(13),100UT(60),NCON(200) +NTERM(63),
X NTRAN(10G),NXCOD{100),POOLED(9),REPVAR(S),RESMS(9),X(99)
DOUBLE PRECISION BO, SUMX,SU MX2,SUMY2,ZEAN
COMMION /FRMTS/ FMT(13),FMTTRI(14)

COMMON/ SMALL/ BYPASS,BZEROsDELETE, FIRST, IFCHI. [IFS5R,

X IFTT, IFWT, INPUT, INPUTS, INTER,

X ISTRAT, JCOL» KONNO, LENGTH, LIST,

X NERROR, NODEP, NODB » NOTERM,
X NOVAR, NPDEG» NRES» NTRANS NWHERE,
X Py PREDCT, REPS, RWT,

X STORYI, STAORYC, STORYX, TOTHWT, WEIGHT,

X ERRFXD, ECONMY, 10UT, ICOL
LOGICAL ECONMY
LOGICAL SATRTD

LOGICAL BYPASS, BZERO, DELETE, [FCHI,
XIFSSRy IFTT, IFWT, REPS, PREDCT,
XSTORYCZ STORYX, STORYI, FIRST ,ERRFXD

DOUBLE PRECISION RWT,TOTWT,WEIGHT

Cr88 888100 %T %0 HENE IR RN RSN ERREREEE RIS RN RR

c

DIMENSION SSQREG(9), SSQRES(9), REGMS(9),
X XLOF(9), XLOFMS(9), FRATIO(9), RSQD(9), R(9),
X SSQLST(9), DEVB(60,9)

EQUIVALENCE (DUMMY(10),SSQRES), (DUMMY(19),REGMS)» (DUMMY(37),XLOF)
X 2 (DUMMY (46)+ XLOFMS) , (DUMMY(55),FRATIO) s (DUMMY{64),RSQD),

X (DUMMY(T3),R)(DUMMY(82),SSQLST), (DUMMY(31),DEVB),
X (DUMMY{T00),SSQREG)

DOUBLE PRECISION SSQREG

(XX 2T RS SIS E S RS N S R YR S R R R S IR R SR R R X E Y R S R X S Y RN N

c

60

COMPUTE DEGREES OF FREEDUOM AND RECIPROCALS
NREG= TORDER

NTOT= IFIX(TOTWT)-1
IF{.NIT.BZERD) NTOT= NTOT+1
NRES= NTOT-NREG

NLOF= NRES - NPDEG

RNREG= 140/FLOAT{NREG)
IF{NRES.EQ.G} GO TO 980
RNRTS= 140/FLUAT(NRES)
SATRTD=.FALSE,
IF(L3IF.EQ.C) GO TO S0

OO NOWN PN -



RNLIF=1.0/FLOAT{NLOF)
GO TO 100

90 SATRTD=.TRUE.

100 CONTINUE
NXTERM=I0ORDER

RNOOB=RWT
c
CHERERRE R RN R RN R R RN R ERER R RN RR TR R ERRR RN ERER R R R RRR R R AR RN NN
C COMPJTE RESIDUAL SUM OF SQUARES, RESIDUAL VARIANCE, VARIANCE
c FROM REPLICATIONS IF APPROPRIATE, AND THE F-RATIO OF MEAN SQUARE
c LACK-J3F-FIT AND MEAN SQUARE RESIDUALS.

DG 21) J=1.NODEP
SSQREG(J)=0.0
DO 20J0 I=1,NXTERM
SSQRE3(J)=SSQREG(J) + B(I,J4)=SUMXY(I,J)
200 CONTINUE
SSQRES (J)=SUMY2(J)}-SSQREG(J)
REGMS{J)= SSQREG(J)* RNREG
RESMS(J)= SSQRES({J)*RNRES
RSQD(J)I=SSQREG(J)I/SUMY2(J)
RUJ)I=SQRT(RSQD(J))
IF({«NOT.REPS).0OR.SATRTD) GO TD 210
XLOF(J)=SSQRES(J)-PDOLED{J)
XLOFMS {J)= XLOF(J)*RNLOF
FRATIJ(J)=XLOFMS(J)/REPVAR(J)
210 CONTINJE

c

ol E AR R R R R R R R R R R R RN R RN NE RN R RN AR ER AR ENEREERBERRRRRRRRER R
C DETEIMINE WHICH ESTIMATE OF SIGMA SQUARED SHOULD BE USED IN

c HYPOTHESIS TESTS. PUT THE PROPER ONE IN ERRMS AND SET ERRFXD

c TO TRUE IF THE PRESENT VALUE IS TO BE USED FOR ALL FOLLOWING

c TESTS AND T-STATISTICS.

IOUT=1ISTRAT
IF(ERIFXD) GO TO 250
IF(ISTRAT.NE.3) GO TO 214
211 DO 213 J=1,NDDEP
213 ERRMS(J)}= RESMS(J)
NERRDR = NRES
Iour=3
GO TO 250
214 IF{ISTRAT.NE.1l) GO TO 218
IF{.NJTL.REPS) GO TD 211
00 215 J=1,NODEP
215 ERRMS(J)= REPVAR(J)
NERROR= NPDEG
ERRFXD= o TRUE.
10UT=1
GO TO 250
218 IF({FIRST.AND. (IORDER.EQ.NOTERM)) GO TO 220
GO 70 211
220 ERRFXD= oTRUE.
DO 222 J=1,NODEP
222 ERRMSU{J)= RESMS(J)
NERRDOR= NRES

ISTRAT=2

I10UT=2
C
Ry Y Yy Yy Y Y N Y Iy Ry T Y
c WRITE ANOVA TABLES

250 DO 50) J=1.NODEP
IF(ERIMS(J).EQ.0.0) ERRMS(J)=1.0E-30
WRITE(LIST,1001) J



500
c

WRITE(LIST,1002)

WRITE(LIST,i003) SSQREG(J)s NREGs REGMS(J)

WRITE(LIST,1004) SSQRES(J), NRES, RESMS(J)

WRITE(LIST,1005)

WRITE(LIST,1006) SUMY2(J)yNTOT

WRITE(LIST,1007)

WRITE(LIST,1500) RSQD(J),y R{J)

STD=SARTIRESMS(J))

WRITE(LIST,1600) STD

WRITE(LIST,1700) IOUT,ERRMS(J),NERROR

F=REGMS (J)/ERRMS(J)

WRITE(LIST,1750)F,NREG,NERRDOR
IF({«NOToREPS)«ORSATRTD) GO TO 500

WRITE(LIST,2001)

WRITE(LIST,1002)

WRITE(LIST,2005) XLOF(J). NLOF, XLOFMS(J)

WRITE(LIST,2006) POOLED(J), NPDEG, REPVAR({J)
WRITE(LIST,1G04) SSQRES{J)}yNRESsRESMS{J]}
WRITE(LIST,1005)

WRITE(LIST,2008) FRATIO(J)
WRITE(LISY,1i007)

CONTINUE
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c
c

8632

8635
C

COMPUTE CONTRIBUTION OF EACH INDEPENDENT VARIABLE TO REG SUM
OF SQJARES AS IF IT WERE LAST TO ENTER
WRITE({LIST,370)

IR= 0
DO 8635 K=1,NXTERM
IR= I+K

D0 8632 J=1,NODEP

SSQLST(J)= DB(KyJ)=%2/SUMXXI(IR)
WRITE(LIST,380) IDOUTI(K)(SSQLST(J)»J=1,NODEP)
CONTINUE

CRHEXRNRAFBFTERREFHRRRRRTERRERRREERRREREERETR T IRNNI I T 0EE NN ERRE

c

910

920

930

959

360

970

62

COMPUTE STANDARD DEVIATION OF REGRESSION COEFFICIENTS
WRITE(LIST,375)
IF{.NJT.BZERD) GO TOD 559
DO 913 J=1,NXTERM
R{J)=J,0
DO 91) I=1,.NXTERM
CALL LOC(I,44,1IR)
R{JI=R(JI+ZEAN(T) =SUMXXI(IR)
CONTINUE
XXT=0s2
DO 927 J=1,NXTERM
XXT=XXT+ZEAN(J)*R{J)
DO 93) K=1,NODEP
DEVB(1,K)=SQRT{ERRMS {K)» (RNOOB+XXT))
K=0
WRITE(LIST,380) Ko{(DEVB(1lsJ)»J=1NDDEP)
IR=%
DO 97) J=1,NXTERM
IR= I+4
DO 950 K=1,NODEP
DEVB(J,4K) =SQRT(ERRMS({K)=SUMXXI{IR))
CONTINUE
WRITE(LIST,380) IDOUT(J),(DEVB(J,KR)yKR=1,NODEP)
CONTINJE
RETURN
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c FORMATS 186
1001 FORMAT(42H4ANOVA OF REGRESSION UN DEPENDENT VARIABLE 15) 187
1002 FORMAT(1H 79({1H=)/79H SOURCE SUMS OF SQUARES DEG 188

XREES JF FREEDUM MEAN SQUARES /1H 79(1H-)) 189
1003 FORMAT(17H REGRESSION G20.8, 5X,I1045X,G20.8) 190
1004 FORMAT(LTH RESIDUAL 62048+ 5X9110+5X+:620.8) 191
1005 FORMAT(1H 79(1H-}) 192
1006 FORMAT(17H TOTAL G20.8+ 5X,110) 193
1007 FORMAT(1H 79(1H=)) 194
2001 FORMAT(1X/1X/22H ANOVA OF LACK OF FIT ) 195
2005 FORMAT{(17H LACK OF FIT G208y 5X311045X,G20.8) 196
2006 FORMAT(17H REPLICATION G20e8y 5X311045X,620.8) 197
2008 FORMAT (28H F = MS(LOF)/MS{REPS) = F1l0.3 ) 198

370 FORMAT(74H1 SUMS OF SQUARES DUE TO EACH VARIABLE IF IT WERE LAST T 199
X0 ENTZR REGRESSION ) 200
375 FORMAT(115H2 STANDARD DEVIATION OF REGRESSION COEFFICIENTS (DERIVE 201
XD FRDOM DIAGONAL ELEMENTS OF (X TRANSPOSE X)INVERSE MATRIX )) 202
380 FORMAT(1H I3+9G1l4.6) 203
1500 FORMAT(40H R SQUARED = SSQ(REG) / SSQ(TOT) = F8eby 204

X 5Xe #HR = FT7.6) 205
1600 FORMAT (34H STANDARD ERROR 0OF ESTIMATE Gl4s.6) 206
1700 FORMAT (24H USING POOLING STRATEGY I2,25H THE ERROR MEAN SQUARE = 207

X Gl4eTy 26H WITH DEGREES OF FREEDOM = I6) 208
1750 FORMAT{5X+19HF=MS(REG}/MSI{ERR)= Fb6.245X,13HCOMPARE TO F(I2,1H,13,1 209

XH) ) 210

980 WRITE(LIST,981) 211
981 FORMAT({41H ZERD RESIDUAL DEGREES OF FREEDOM. STOP. ) 212
sTop 213
END 214

$IBFTC RECTX

SUBROJTINE RECT(IROW,JJCOL, IMAXs UMAX,AgBFMT,I1) 1
DIMENSION A(IMAX,JMAX),FMT{14),X0UT(8) 2
DOUBLE PRECISIGN B,DXOUT 3
DIMENSION B(IMAX,JMAX),DXOUT(8) 4
COMMON/SMALL/7DUM(15),LIST 5
DATA J48/8/ 6
LOGICAL OuUT 7
OUT =.FALSE. 8
JTIMES=0 9
JeoL=J4CoL 10

5 JNXT=JCOL-J8 11
IF{JINXT) 10,20,30 12

10 JP=J4C3L 13
GO TO 40 14

20 JpP=48 15
GO TO 40 16

30 JCOL=JNXT 17
JpP=J8 18

GO 10 50 19

40 OUT=,TRUE. 20
50 DO 100 I=1,IROW 21
GO TO (55,75),11 22

55 CONTINJE 23
DO 60 J=1,JP 24
JU=JTIMES +J 25



60 XOUT(J) = A(I,.4d)
WRITE(LISTSFMT) I,(XOUT(K)sK=1,eJdP)
GO TO 100
75 DO 30 J=1,4P
JU=JTIMES+Y
80 DXOUT(J)=B(I,4J)
WRITE(LIST,FMT) I,(DXOUT(J}sd=1,JP)
162 CONTINUE
IF(OUT) RETURN
WRITE(LIST,i1G)
110 FORMAT(1IH /1H )
JTIMES=JTIMES +JP
GO TO 5
END

$IBFTC PRcDIX

SUBROJTINE PREDIC

PURPOSE
1)READ INPUT LEVELS GF INDEPENDENT VARIABLES AND CUMPUTE

2)COMPUTE VARIANCE AND STADARD DEVIATION OF THE PREDICTED
MEAN VALUE AND A SINGLE FURTHER GBSERVATION,

SUBROJTINES NEEDED
TRANS
LGC

REMARKLS
BE SUPPLIED IF A ZZRO (BLANK) INPUT VALUE WILL CAUSE AN

IMPOSSIBLE OPERATION TO Bt ATTEMPTED DURING THE
TRANSFORMATIONS.

OO0 CO0CO0COn0

SUBROUTINE PREDIC

COMMION /FRMTS/ FMT(13),FMTTRI(14)

COMMON/BIG/B(6C,9)9SUMXY (60,3)»SUMXX(1830),SUMXXI(1830)
DOUBLE PRECISION BySUMXY,SUMXX, SUMXXI
COMMDN/MED/B0O{9) 4 SUMX(69)ySUMX2{69),SUMY2{9) ,ZcAN(69),
X CON(99)4ERRMS(Y), IDENT(13),ID0UTL60),NCON(2C0) yNTERM(6I),
X NTRAN{100C),NXCOD(10D),POOLED{Y) ¢ RCPVARIT)4RESMS(I),4X(99I)
DOUBLE PRECISION 80, SUMX,5U MX2,SUMYZ2,ZEAN

COMMON/SMALL/ BYPASS,BZERO,DELETE, FIRST, IFCHI, IFSSR,

X [FTT, IFWT, IvPUT, INPUTS, INTER,

X ISTRAT, JCOL, KUNNO, LENGTH, LIST,

X NERROR NODEP, NOOB NOTERM,
X NOVAR, NPDEG, NRES, NTRANS, NWHERE ,
X Py PREDCT, REPS, RWT,

X STORYI, STORYC, STORYX, FOTWT We JGHT,

X ERKFXD, ECONMY, [0UT, ICOL
LOGICAL ECONMY

LOGICAL BYPASS, HZERD, DELETE, [rCHL,
XTIFS5R, IFTT, [FWT, REPS, PREDCT,
XSTORYZ , STUORYX, STUORYI, FIRST LERREXD

64

A PREDICTED RESPONSE FROM THE ESTIMATED REGRESSION EQUATION,

VALUES FOR DEPENDENT VARIABLES ARE NOT NECCESARY FOR THE
PREDICTING OF VALUES. HOWEVER, A DUMMY VALUE MAY NEED TO

LA AL R SR AR R s SRR Z RS2 RS R RSSSE IR R SRR R B F E Y R R N E R e T T I
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OO0 0

105

125

130

140

150

250

275

300

X

X

X

DOUBLZ PRECISION WEIGHT,RWT,TOTWT

DIMENSION YCALC(9), V601D, VARM(9), SEEM(9),
VARP(9), SEEP(9)

DOUBLE PRECISION XXT,V

EQUIVALENCE (YCALC(1),SuUMXX(1)), (V(1),SUMXX(150)),

(VARM(1) s SUMXX{T1)) (SEEMU1)sSUMXX(80))s (VARP(1),SUMXX(B9))

s (SEEP (1) sSUMXX(98))
EQUIVALENCE (RNOOB,RWT)

IF{NOTERM.EQeCG) RETURN
WRITE(LIST,.3)
READ(INPUT5,5) NPRED

DD 300 KK=1,NPRED

READ(INPUTS5,FMT) (X{I1)},1=1,ICOL)
WRITE(LIST,110)(X(I)y1=1,ICOL)
CALL TRANS

DO !3) K=1,JCOL

I=NTEIM(K)

X{K) = CONI(I)

CONTINUE
WRITE(LIST.135){X{1)»1I=1,NOTERM)}

COMPUTE PREDICTED RESPONSE

DO 150 K=1,NODEP

YCALC{K) = BO(K)

IF{.NJT.BZERDO) YCALC(K)=ueO

DO i5) J=1,NOTERM

YCALC(K)= YCALC(K) + B{J,K)=X{J)
CONTINUE

COMPUTE VARIANCE AND STANDARD DEVIATION OJF REGRESSION LINE
AND VARIANCE AND STANDARD DEVIATION OF PReEDICTED VALUE
AT THE POINT XO

DO 250 K=1,NOTERM

V{K)=2,0D0

DO 253 J=1,NOTERM

CALL LOC(J,K,IR)

VIK)I=V(K) + (X{J)-ZEAN(J))*SUMXXI(IR)
CONTINUE

XXT=0e0D0

DO 2753 K=1,NDTERM

XXT = XXT + (X{K)~-ZEAN(K)})*V(K)
CONTINUE

XRNUOB = RNUOB

IF(.NJT.BZERD) XRNOOB=0.0

DO 300 K=1,NDDEP

VARM(<)= ERRMS(K)={XRNOOB + XXT)
SEEM(K)=SQRT(VARM(K) )

VARP(C)= ERRMS{K)+VARMI(K)
SEEP(K)=SQRT(VARP(K))

CONTINUE
WRITE(LIST,310)(YCALC(K),K=1,NODEP)
WRITE(LIST.320)(VARM (K),K=1,NODEP)
WRITE(LIST,320)(SEEM (K),K=1,NUDEP)
WRITE(LIST.320)(VARP (K]} ,K=1,NODEP)
WRITE(LIST 520} {SEEP (K),K=1,NODEP)
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c
c
c
c
C
c
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c
c
c
C
C
c

c

500 CONTINUE
RETURN
3 FORMAT(54H1FOR EACH SET OF INDEP VARIABLES THERE IS COMPUTED...
X 20H PREDICTED RESPONSE
X 29H VARIANCE OF REGRESSION LINE
X 34H STANDARD DEVIATION OF REGRESSION
X 29H VARIANCE OF PREDICTED VALUE
X 39H STANDARD DEVIATION DF PREDICTED VALUE )
5 FORMAT (14)
110 FORMAT(39HKINPUT DATA FOR THIS PREDICTED RESPONSE /(1H 9Gl14.6))
135 FORMAT(56HK INDEPENDENT TERMS ACCORDING TO FINAL REGRESSION MODEL
X /(14 9Gl4.6))
310 FORMAT{ SSHKPREDICTED RESPONSE FOR ABOVE INDEP VARIABLES
X /(lH 9G14.6))
320 FORMAT(1H 9Gl4.6)
END

WNNN N

IBFTC SumMupPX

SUBROUTINE SUMUPS

PURPOSE
1)CALCULATE (X TRANSPOSE X} AND (X TRANSPOSE Y) MATRICES ONE
3BSERVATION AT A TIME.
2)COMPUTE TOTAL OF THE WEIGHTS
#& BOTH CALCULATIONS ARE IN DOUBLE PRECISION

SUBROJTINES NEEDED
LOC

A2 2222222 R XXX R AR R X222 2R 2SS XTSI RIS ERSS R RS S S RE R Y R X )
SUBROUTINE SuMupP
COMMON/BIG/B(6059),SUMXY (60,9}, SUMXX(1830),SUMXXI(1830)

DOUBLE PRECISION BySUMXY,SUMXX,SUMXXI
COMMON/MED/BO{9) ,SUMX (569 ) SUMX2(69),SUMY2(9) 4+ ZEAN(69),
X CON(99),ERRMS(9),IDENT(13),ID0UT(60),NCON{200) yNTERM{69),
X NTRAN(100),NXCOD{130),PO0OLED(9)4sREPVAR(9)RESMS(9),X(99)
DOUBLE PRECISIUN 80, SUMX,SU MX2,SUMY2,2EAN

COMMON/SMALL/ BYPASS,BZERO,DELETE, FIRST, IFCHI, I[IFSSR,

X IFTT, IFWT, INPUT, INPUTS, INTER,

X ISTRAT, JcoL, KONNO, LENGTH, LIST,

X NERRORy NDODEP, NOOB, NOTERM,
X NOVAR, NPDEG, NRES, NTRANS » NWHERE,
X P,y PREDCT, REPS, RWT,

X STORYI, STORYC, STORYX, TOTWT, WEIGHT,

X ERRFXD, ECONMY, 1I0UT, 1ICOL
LOGICAL ECONMY

LOGICAL BYPASS, BZERO, DELETE, IFCHI,
XIFSSR, IFTT, IFWTY, REPS, PREDCT,
XSTORYZ, STORYX, STORYI, FIRST , ERRFXD

DOUBLE PRECISION RWT, TOTWT,WEIGHT
DOUBLE PRECISION DUB1l,DUB2

C*}ll*li{ill{*lIl*‘l’**lﬂli!l‘l'I*i*i*}{**lllll*{ii*l*l‘**i&*i*llilll**l*i**

DO 11) I=1.4COL
SUMX({TI)=SUMX{TI)+X (1) *WEIGHT
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110 CONTINJE 39

IR=0 40

DO 10) K=1,NOTERM 41
DUB1=X{KJ 42

DO 90 J=1,NOUDEP 43
KBAR=J+NOTERM 44
DUB2=X(KBAR) 45
SUMXY(KyJ)=SUMXY (K, J)+DUBL*DUB2*WEIGHT 46

90 CONTINJE 47
DO 50 I=1,K 48

c 49
IR=IR+1 50
puB2=xX(1I) 51
SUMXX{ IR)}=SUMXX{IR)+DUB1*DUB2#WEIGHT 52

50 CONTINUE 53
100 CONTINUE 5S4
D0 15 J=1,NODEP 55
KBAR=NOTERM + J 56
DUB1=X({KBAR) 57
SUMY2(J)=SUMY2(J)+DUBLl*DUBL*WEIGHT 58

15 CONTINUE 59
TOTWT=TOTWT+WEIGHT 60
RETURN 61
END 62

$IBFTC BORDXX

C 1
c SUBROJTINE BORD 2
c 3
c PURPOSE 4
c TO COMPLETE THE INVERSION OF A SYMMETRIC POSITIVE DEFINITE 5
c MATRIX A OF ORDER N GIVEN THAT THE UPPER LEFT SUB- 6
c MATRIX OF ORDER N-1 HAS ALREADY BEEN INVERTED, 7
c 8
C SUBROJTINES NEEDED 9
C LOoC 10
C 11
c REMARKS 12
C DNLY THE UPPER TRIANGULAR PART OF A IS STORED AS A 13
C VECTOR IN THE ORDER A{1,1)5A{1+2)5A(2+2)3A(113)9eeeETC 14
SUBROJTINE BORD(IORDER,A) 15

c 16
C 17
DIMENSION BETA{60),A(1) 18
DOUBLE PRECISION A,ALPHA,RALPHA ,BETA i9

C 20
C 21
ALPHA= 0.0DO 22

NMl1= IORDER-1 23
IF(NM1l) 100,100,200 24

100 A(1) = 1.0/A(1) 25
GO TO 600 26

200 M=NM1l#*(NM1+i)/2 27
LEN = M + JORDER 28

c 29
DO 40) I=1,NM1 30

67



350

400

500

68

X

BETA{I)= 0.CDO
MI= M+

DO 350 J=1,NMi
CALL LOC(IsJ,11)

Ml= M+
BETA(I)= BETA(I)-A(II)*A(MJ)
CONTINJE
ALPHA= ALPHA + A(MI)*BETA(I)
CONTINUE

ALPHA = ALPHA + A(LEN)
RALPHA=1.0D0/ALPHA
A(LEN) = RALPHA

DO 503 I=1,nM1

DO 50) J=1,I1

CALL LOC(I,J,IT)

A(ITI)= A(II) + BETA(I)*BETA(J)=RALPHA
CONTINUE

DO 550 J=1,NMl1

MJ= M+J

A{MJ)= BETA(J)=RALPHA
CONTINUE

CONTINJE
RETURN
END

$IBFTC MFIXXX

SUBROJTINE MFIX

COMMIN /FRMTS/ FMT(13),FMTTRI(14)

CHe# %R BHEHEHEHFHRHNFHEREN T EHNNNTIERENN R RTNETENEENINIIEIENENEEREEENE

COMMON/BIG/B(60,9),SUMXY(60,9),SUMXX(1830),SUMXXI(1830)

DOUBLE PRECISIDON BsSUMXY,SUMXX,SUMXXI

COMMON/MED/BO(9) s SUMX (69}, SUMX2{69) 4SUMY2(9) +ZEAN(69) »
CON(99) yERRMS(9) ,IDENT{13),IDOUT(60),NCON{20Q0) ,NTERM(69),

X NTRAN(100) ,NXCOD(10G),POOLED(9),REPVAR{(9)},RESMS(9),X(99)
DOUBLE PRECISION BO, SUMX,SU MXZ2,SUMYZ2,ZEAN

COMMON/SMALL/ BYPASS,BZERO,DELETE, FIRST, IFCHI,» IFSSR,
X IFTT, IFWT, INPUT, INPUTS, INTER,
X ISTRAT, JCOL, KONNG, LENGTH, LIST,
X NERRORy NODEP, NUQB » NOTERM,
X NOVAR, NPDEG, NRES» NTRANS, NWHERE,
X P, PREDCT, REPS, RWT,

X STORYI, STORYC, STORYX, TOTWT, WEIGHT,
X ERRFXD, ECONMY, 10UT, ICOL

LOGICAL ECONMY

DOUBLE PRECISION RWT s TOTWT WEIGHT

LOGICAL BYPASS, BEZERO, DELETE, TFCHI,
XIFSSR, IFTT, IFWT, REPS, PREDCT,
XSTORYZ, STORYX, STORYI FIRST ,ERRFXD

Cﬁ*ll‘**ll’**lilll’**ll******I‘i******i!*****l***}iiI*I*ii*****!!*l!l*ﬁ*l***l—
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IF(ECIONMY)} GO TO 500

IF(BZERD) Gu TO 500

WRITE{(LIST,»530)

WRITE (LIST,540) (SUMX (I).I=1,JCOL)
WRITE(LIST,560)

CALL TRIANG(X,SUMXXyNUOTERM,8,FMTTRI,2)
WRITE(LIST¢565)

CALL RECT(NOTERMyNODEP+6099+X+SUMXY,FMTTRI,2)

CH% %% 5 %598 % %% %5 %1 %K 2% EEEEE IR EE N REE TR NN NN NN TN RN R

OO0

500

570

601
600
602

618
619

6191
6194
620

6210
6220

COMPUTE AND PRINT MEANS. COMPUTE AND PRINT THE(X TRANSPOSE X)
MATRIX IN TERMS OF DEVIATIONS FROM MEAN. THE DEVIATIONS FORM
OF (X T X) IS THE VARIANCE~COVARIANCE MATRIX OF THE
INDEPENDENT VARIABLES.
CONTINUE
RWT=1.0D0/TOTWT
00 57) I=1,J4C0L
ZEAN(I ) =SUMX([)*RNWT
WRITE(LIST,580)
WRITE(LIST,540) (ZEAN(I),I=1,JCOL)
IR =)
DO 60) J=1,NOTERM
IR=IR + J
IF{.NJT.BZERO) GO TO 601
SUMX2(J)=SUMXX{IR)-SUMX(J)*=2 *RWT
GO T0O 600
SUMX2(J)=SUMXX(IR)
CONTINUE
CONTINUE
IR=1
DO 627 J=1,NOTERM
DO 618 K=1,NODEP
IF{.N3T.BZERQ) GO TO 618
KBAR=NOTERM+K
SUMXY(JsK)=SUMXY (JoK)=SUMX(J)=SUMX(KBAR)*RNWT
CONTINUE
DO 620 K=1,J
IF(.NJT.BZERO) GO TO 6191
SUMXX(IR)=SUMXX{IR)~SUMX(K)*SUMX{J)*RWT
SUMXXT (IR)=SUMXX(IR)/DSQRT{SUMX2(J)=SUMX2(K))
IR=1IR+]
CONTINUE
IF(.NJT.BZERGO) GO TO 6220
DO 6210 J=1,NODEP
K=NOTERM+J
SUMY2 (J)=SUMY2(J)~-SUMX(K) #x2xRWT
CONTINUE
CONTINUE

Y XS ERI RS ES SRS S ISR RIS RS A SRS SR SE RS SRR R RSN SRS R ER 2 2 E R R 2

621

622

IF(ECINMY) GO TO 622

IF(.NJT.BZERO) GO TD 621

WRITE(LIST,025)

CALL TRIANG{XsSUMXX,NOTERM,8,FMTTRI,2)
WRITE(LIST,630)

CALL RECT(NOTERM,NODEP+6Cy 9, Xy SUMXY,FMTTRI,2)
WRITE(LIST,670)

CALL TRIANG(XySUMXXI,NOTERM, 8,FMTTRI,2)
CONTINUJUE

(X I YE SIS S 2222 22 R IS R A X2 2 2 2 X R R R T E S R R S R R R Y R R R X S R RIS S S R

c
530

RETURN

FORYAT {1HO,32H SUMS OF INDEP AND DEP VARIABLES )



540
560
565
580
625
630

670

FORMAT({IH 8Gl5.7)
FORMAT (21H2X TRANSPOSE X MATRIX )
FORMAT (21H2X TRANSPOSE Y MATRIX }

FORMAT(33H MEANS OF INDEP AND DEP VARIABLES )
FORMAT (53H2X TRANSPOSE X MATRIX WHERE X IS DEVIATION FROM MEAN )
FORMAT (60HZX TRANSPOSE Y MATRIX WHERE X AND Y ARE DEVIATIONS FROM

XMEAN )

FORMAT (25H2CORRELATION COEFFICIENTS )
END

$IBFTC LOCXXX

20
22

24
36

SUBROUTINE LOC(I,J,1IR)
IX=1

JX= J

IF(IX=JX) 22+:24,24

IRX= IX + (JX#JX=-JX)/2
GO TO 36

IRX= JX + (IX*IX - IX)/2
IR= IRX

RETURN

END

$IBFTC XTRANS

[of X X 3

c

c

SUBROJTINE TRANS

LA A SRS S 2L AR SRS R Rl R 222X R R R A A i 2 s XSS RS R RS RS RS S E LR E

COMMON/BIG/B(60,3),SUMXY (60,9) SUMXX{1B30),SUMXXI(1830)
DOUBLE PRECISION B,SUMXY,SUMXX,SUMXXI
COMMON/MED/BO(9) » SUMX (69 ), SUMXZ(69),SUMY2(9) ,ZEAN(69),
X CUN{99),ERRMS(9),IDENT(L13),ID0UT(60)NCON{2UU) yNTFRM(69),
X HNTRAN(10C),NXCOD(100),POOLED(9)sREPVAR(9)4RESMS(9)4X(99)
DouBLE PRECISION BO,SUMX,SU MX:,SUMYZ2,ZEAN

COMMON/ SMALL/ BYPASS,BZERD,DELFTE, FIRST, IFCHI, IFSSR,

X IFTT, IFWT, INPUT, INPUTS, INTER,

X ISTRAT, JCOL, KUNNQ . LENGTH, LIST,

X NERRAR, NODEP, NUOB, NOTERM,
X NOV AR, NPDEG, NRES, NTRANS, NWHERE,
X P, PREDCT, REPS, RWT,

X STORYI, STORYC, STORYX, TOTWT, WEIGHT,

X ERRFXD, ECONMY, [I0OuT, ICOL
LOGICAL ECONMY

LOGICAL BYPASS, LZERQG, DELETE, IFCHI,
XIFSSR, IFTT, I[FWT, REPS, PREDCT,
XSTORYZ, STORYX, STORYI, FIRST ,ERREXD

DOUBLE PRECISION RWT,TOTWT,WEIGHT

CM 23 % WM H 00T IE I I 2 I 2 I I I NI NI NI I 0 TN T T N NS MR N NE

C
C
C

70

THIS SUBROUTINE PERFORMS TRANSFURMATIUNS IF THIS OPTIUN IS
REQUESTED.

87
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93
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80

100

110
120

140 GO TO(150,160,170,180,19G,200,21092204230,240,250,260,270,280,4290,
X300,310,320,330,3409350,360937043809390+400+410+420+4304+440C,
X 442,450) sMTRAN

150
160
170
180
190
200
210
220
230
2490
250
260
270
280
290
300
310
320
330
340

350

K TRANSFORMATION SET NUMBER.
CONSTANT NUMBER YO USE.

NCON(22K-1)

NCUN(2#K) DERIVED CONSTANT.
NTRANT{ )
NXCUD(K) VARIABLE NUMBER

DO 500 K=1,NTRANS
I=NCON(2%K-1)
IF(I)130,1004110
CONS=J,0

GO TO 120

CONS=CONI(TI)

I=NXCID(K)

Y=X(1I)

MTRAN = NTRAN(K)
IF(MTRAN.LE.G) MTRAN=32

CONS=Y+CONS

GO TD 460
CONS=Y*#CONS

GO TO 460
CONS=C0ONS/Y

GO TO 460
CONS=EXP(Y)

GO TO 460
CONS =Y *=%CONS

GO o 460
CONS=ALOGI(Y)

GO TO 460
CONS=AL0OG10(Y)
GO 1O 460
CONS=SIN(Y)

GO TO 460
CONS=20S5(Y)

GO TO 460
CONS=SIN{3.14159265= (CONS#Y)
GO 10 460
CONS=C20S(3.,14159265% (CONS»Y)
GO 0 460
CONS=1.0/Y

GO T0 460
CONS=EXP(CONS/Y)
GO TO 460
CONS=EXP(CONS/{Y=Y))
GO TO 460
CONS=SQRT (Y)

GO TO 460
CONS=1.0/SQRT(Y)
GO TO 460
CONS=C0ONS==Y

GO TO 460
CONS=10,0%»Y

GO TO 460
CONS=SINH{Y)

GO T0O 460
CONS=Z0SHtY)

GO TO 460
CONS={1.0~-C0OS(Y))/2.0
GO fO 460

NUMBER OF TRANSFORMATION REQUESTED.

)

)



360
370
380
390
400
410
420
430
440
442
450
460
480

490
500

CONS=ATAN(Y)

GO TO 460
CONS=ATAN2(Y,CONS)
GO TO 460

CONS=Y=Y

GO TO 460

CONS=Y»Y»Y

GO TO 460
CONS=ARSIN(SQRT(Y))
GO TO 460
CONS=2.0%3,14159265»Y
GO TO 460
CONS=1,0/(2.0%3,14159265»Y)
GO TO 460
CONS=ERF(Y)

GO TO 460
CONS=3AMMA(Y)

GO TO 460
CONS=Y/CONS

GO TO 460

CONS=Y

I=NCON(2%K)
CON{I)=CONS

IF(I-50) 500,500,490
X{I)=Z0NS

CONTINUE

RETURN

END

$IBFTC OUTPLX

CHREXEAERR AR FERERRREERREREE R B RS BRE R R ER AR B RREREREREEAERBRERER SRR RRERERER RS

C

CHEXRRFERXEREFRRERERRRERRRRR LB RS EEREREEE TR TE IR IR NN

c

72

SUBROJTINE OUTPLT{(PNCH)
COMMON/BIG/B(6049) s SUMXY(60,9),SUMXX(1830),SUMXXI(1830)
DOUSBLE PRECISION BySUMXY,SUMXX.SUMXXI
COMMON/MED/BO(9),SUMX(69),SUMX2(69),SUMY2(9),ZEAN(69),
X CON(99),ERRMS({9),IDENT(13),IDOUT(60)}4NCON(200) ,NTERM(69),
X NTRAN(100),NXCOD(100),POOLED(9),REPVAR(9),RESMS(9),X(99)
DOUBLE PRECISION BO,SUMX.SU MXZ2,SUMY2,ZEAN

COMMON/SMALL/ BYPASS,BZERO.DELETEs FIRST, IFCHI,» IFSSR,

X IFTT, IFNWT, INPUT, INPUTS, INTER,

X ISTRAT, JCOoL, KONNG, LENGTH, LIST,

X NERROR, NODEP, NOOB, NOTERM,
X NDVAR, NPDEG, NRES, NTRANS, NWHERE o
X Py PREDCT, REPS, RWT,

X STORYI, STORYC, STORYX, TOTHWT, WEIGHT,

X ER&FXD, ECONMY, 1I0OUT, ICOL
LOGICAL ECONMY
DOUBLE PRECISION RWT, TOTWTyWEIGHT

LOGICAL BYPASS, HRZERO, DELETE, IFCHI,
XIFSSR, IFTT, IFWT, REPS, PREDCT,
XSTORYZ, STORYX, STORYI, FIRST 4 ERRFXD

COMMON/ MAX/MAXPLT

90
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101
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114
115
116
117
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INTEGER CELLS, PLUSL

DIMENSION BOUND(45), CELLBD(21),0BS(20,9)y RCT(212)+
X STDEXR(9}). VAR(9), YCALC(9), YDIFR(9),
X Z(9)

EQUIVALENCE (VAR,RESMS)
ODATA BOUND/,67448907 243072720 196741604
1,.31853932 ,,67448907 »1.15033859 125334708
2952433979 ,.84162001 » 128153777 121042836
31043072721 5467448922 196741746 v11.38298075
4,018001235 ,.36610621 156594856 179163735
5+1.06756653,1.46521688 2015731067 131863932
69¢48B7T614 567448930 188714436 v1.15034184
T51.53411831,.13971028 1028221612 143072722
87058945544 4.,76470731 196741836 11.22062834
9,1.59323335,.,12566134% 125334701 138532026
Ay+52443000 ,.67448801 1484161868 +1,03642921

By1.28154233,1.64490172 /

LOGICAL SAVRES

DIMENSION RESPLT(1)

DIMENSION SKEW(9)sSKUR(9)

EQUIVALENCE (RESPLT,SUMXY)

DIMENSION ICHAR(S9),MCHAR(9)
DATA{ICHAR(I)4I=1+9)/6HRESIDUy 6HALS FD,6HR DEP ,6HVAR »1H
X 164 VS I,6HNDEP V,6HAR NO »1lH 7/
DATA(MCHARI{I),I=1,9)/6HRFSIDU,6HALS FO,6HR DEP ,6HVAR 2 1H
X 96H VS P,6HREDICT,6HED VAL, 2HUE /

LOGICAL PNCH

C*ii*'lll!lllil I 22T R ERSIE RIS LIEL RS SR RS 22222 R R R R 2R X XSS R 2]

c

JCOL=NOTERM+ NODEP

NUVAR=NOTERM+1

BYPASS= «FALSE.

KOUNT= O

SAVRES=.FALSE.

ITPLT=NOOB* (NWHERE+2%NODEP)
IF(ITPLT.LE,MAXPLT) SAVRES=,TRUE.

CALL LRLEGN(IDENT+54+04+41+540+0.0)
CALL LRLEGN{IDENT(10142450y41y4¢5,1.0}

CI{I’I'-Illlllii*l*ii'&l’iil*"*"l*Iiillll*li{&*{{iil{!iil*i W TN RN E R RN

IF(NOJB-20) 110,120,120
BYPASS=.TRUE,

GO TO 125

CELLS=NOOB/5
CELLS=MINO(CELLS,20}

I= MOD(CELLS,2)
IF(IeNE.O) CELLS=CELLS + 1
FCELLS= FLOAT(CELLS)
PLUSY= CELLS + 1

MINUS1 = CELLS -1
NDEGCH = CELLS-3

IR= CELLS/2-1
IC=IR#{IR=-1})/2

IS=IR+2

DO 122 J=1,1IR

IC=IC+1

I8C=I15-4

IRC=1IS+4J
CELLBD(IBC)=-BOUND(IC)
CELLBD(IRC)= BOUND(IC)



122 CONTINUE

CELLBD(1)=-1.0E+37 89
CELLBO(PLUSL) =1.0E37 90
CELLBD(IS )=0.0 91
DO 124 K=1,NODEP 92
DO 12% I=1,CELLS 93

94

OBS{I.X)=0.0

124 CONTINUE 95

C 96
CRERABERRERERERA R EARERERFRRBRERRERRERFREEFREE RN RER R R RRRERTREEEREERER 97
125 DO 13) K=1,NODEP 98
SKEW(K)=0,0 99
SKUR(K)=0.0 100
STDERR(K)= SQRT(ERRMS(K)) 101

130 CONTINUE 102
WRITE(LIST,135) 103

c 104
CREARRREFBERER BB R AR R R R ERE R RR R LR FR R RR AR RRR R R R R R R RRRRERE R ERERREERERN 105
DO 432 J=1,N0O0SB 106
READ{INTER) (X(I)eI=1,69 ),WEIGHT 107
IF(.N3T.,SAVRES) GO TO 141 108
INOPLT=NWHERE 109

DO 140 I=1,INOPLT 110
K={I-1)=NOOB+J 111

140 RESPLT{(K)=X{I) 112
141 CONTINUE 113
DO 142 I=1,NOTERM 114

K= IDJUTI(I) 115

X(I)= X{K) 116

142 CONTINUE 117
KBAR=NWHERE 118

DO 143 I=1,NODEP 119

IC= NIOTERM+ 1 120
KBAR=KBAR+1 121
X{IC)= X{KBAR) 122

143 CONTINUE 123

c 124
CHRERRRBFRAREFRAREREER AR RS SR RERERE RS ERRRFRRERE RN 125
DO 16) K= 1,NODEP 126
YCALC(K)= BO(K) 127
IF(.NJT.BZERO) YCALC(K)= 0.0 128

KBAR= K+NOTERM 129

DO 153 I=1,NOTERM 130
YCALC{K) = YCALC(K) + B{I,K)=X{I) 131

150 CONTINUE 132
ACTDEV= X(KBAR)- YCALC(K) 133
YDIFR{K)= ACTDEV 134
Z{K)=ACTDEV/STDERR(K) 135
A=ACTIEV#*=%3 136
SKEW{K)=SKEW(K)+A 137
SKUR(C)=SKUR(K})+A#ACTDEYV 138

160 CONTINUE 139
IF(.NJT.SAVRES) GO TO 179 140
K=INOPLT#NDOOB+J 141
KBAR=X+NOOB=NQODEP 142

DO 175 I=1,NODEP 143
ITC=(1-1)=NOOB 144
ISC=K+ITC 145
IS=KBAR+ITC i46
RESPLT(ISC)=YCALC(I) 147
RESPLY(IS)=Z(I) 148

175 CONTINJE 149
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179

c

Cusnsn

220

230
250

410

430

Cuuun

434

435
439
c

Cannn

640

650

135

CONTINUE

WRITE(LIST,180) {(X(K)jsK=NUVAR,JCOL)

WRITE(LIST,190) (YCALC{K)},K=1,NODEP)
WRITE(LIST,200) (YDIFR{K)sK=1,NODEP)

IF(PNZH) PUNCH 5250, Jy (YDIFR{K)yYCALC(K)+K=1,NODEP}
WRITE(LIST,210) (Z(K),K=1,NODEP)

IF{BYPASS) GO TO 410

AR ARR AR AR RRRR SRR RN B RERRERRRRRERE B R RN
DO 25) K=1,NODEP

DO 230 I=1,PLUSI

IF(Z(K)-CELLBD{1)) 220,220,230
0OBS{I-1,K)}=08S(I-1,K)}+ 1.0

GO TO 250
CONTINUE
CONT INUE

KOUNT = KOUNT +1

IF(KOJUNT.LT.10) GO TO 430
WRITE(LIST,270) IDENT

KOUNT=0

CONTINUE
RRRERBERRREERRRRRRETE RS RN ERHRREERE RN R TR RERERRRERENEENEER
IF(.NJT.SAVRES) GO TO 439
ITC=NAHERE+NDDEP

DO 435 IRC=1,NODEP
IC=(ITC+IRC~1)*NOOB+1

DO 43% K=1,NWHERE

[S=(K-1)*NOOB+1

ICHAR(5)=1IRC

ICHAR(9)=K

CALL LRCNVT{ICHAR{5),1,ICHAR{5),1,6,0}
CALL LRCNVT(ICHAR(9) 1,ICHAR(9)31,6,0)
CALL LRTLEG(ICHARs54)

CALL LRPLOT{RESPLT(IS),RESPLT(IC),NOOB)
CONTINUE

IS=(NNHERE+IRC-1)#NDO0OB+1

MCHAR(5)=1IRC

CALL LRCNVT(MCHAR(S5),y1yMCHAR{5),146,0)
CALL LRTLEG(MCHAR,S5%)

CALL LRPLOT(RESPLT(IS),RESPLT(IC),NOOB)
CONTINUE

CONTINUE

RARRERBSRRRRRRRE RN RN EE TR ER RSN ST

IF(BYPASS) RETURN

DO 65) K=1,NODEP
SKEW(C)=SKEW(K)##2/{ FLOAT(NDOB) #%2%ERRMS(K)=%3)
SKUR{)=SKUR(K)/{FLOAT(NOOB)*#ERRMS(K}==2)
CHISQ=0.0

DO 64) I=1,CELLS

RCT(I)=0BS(I.+K)

CHISQ=CHISQ+RCT(I)=x2

CONTINUE

CHISQ=FCELLS*CHISQ/FLOAT (NOOB)-FLOAT(NOOGB)
WRITE(LIST,280) NDEGCH,CHISQ,SKEW{K)sSKUR(K)
CALL HIST(K,RCT4CELLS)

CONTINUE

RETURN

FORMAT!{ 51H FOR EACH DEPENDENT TERM AND OBSERVATION IS PRINTED
X /31H OBSERVED RESPONSE (Y OBSERVED)
X 729H CALCULATED RESPONSE (Y CALC)

150
151

153
154
155
156
157
158
159
160
161
162

163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
132
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
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X 728H RESIDUAL (YOBS- YCALC=YDIF! 212

X /28H STUDENTIZED RESIDUAL ( Z ) ) 213

180 FORMAT(12HKY OBSERVED +9613.4) 214

190 FORMAT(12H Y CALC 19613.4) 215

200 FORMAT(12H Y DIF 29613.4) 216

5250 FORMAT(I6+4E16.8/(6X34E1648)) 217
210 FORMAT(12H STUDENTIZED ,9613.4) 218

270 FORMAT(1HL113A6,A2) 219

280 FORMAT(27HLCHI-SQUARE STATISTIC WITH I6,22H DEGREES OF FREEDOM = 220

X Gl4.6/12H SKEWNESS = Gl4.6/12H KURTOSIS = Gl4.6) 221

END 222

CRSPLT PROGRAM

CRSPLT accepts a subset of the data used for a NEWRAP problem. It can be used
as a preregression analysis program to help formulate model equations to be analyzed
with NEWRAP or it may be used as a postregression program by using punched output
from NEWRAP to obtain more complex residual plots than direct use of NEWRAP allows.

When used as a preregression program, it will compute an X'X and C matrix in-
cluding all the terms (independent and dependent) if requested. It can also compute ei-
genvalues and eigenvectors of the submatrix of X'X corresponding to the independent
variables.

When used as a postregression program, the punched output of residuals and pre-
dicted values from NEWRAP can be plotted against new functions of the independent
variables.

The input is much the same as for NEWRAP. The seven sets of input are as fol-
lows:

(1) IDENTIFICATION (I, IDENT)(I2, 13A6): IDENT is Hollerith data used to iden-

tify the problem. I indicates the number of additional cards to be read for iden-

tification (columns 1 to 78).
(2) PROBLEM SIZE (NOVAR, NODEP, NOTERM, NOOB)(314, 15)

NOVAR Number of input independent variables
NODEP Number of input dependent variables
NOTERM Number of terms in model equation
NOOB Number of observations
(3) TRANSFORMATIONS: This input is the same as the transformations of NEW-
RAP except for the upper limit of 150 transformations.

(4) FORMAT (INPUT, FMT)(12, 13A6): INPUT specifies the unit number the input
data is stored on and FMT indicates the format for reading it.
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(5) PLOTTING REQUESTS

NOPLTS (14)
(XPLT, IYPLT)

One card supplies NOPLTS, the number of plots desired. The following
cards supply pairs of integers indicating which pairs of terms to plot. The for-
mat is 4012 (i. e., 20 plots per card). The first number of the pair (IXPLT)
specifies the sequence number of the term to be used as the abscissa. The
second number (IYPLT) specifies the sequence number of the term to be used
as the ordinate. As an example, the following sequence of transformations and
subsequent plotting requests would cause X‘% to be plotted against x; as well
as against Xyt

MODEL SIZE 0003
TERMS 616263
TRANSFORMATIONS 01000061 01026162 01026263

CONSTANTS blank card
NOPLTS 0002
(IXPLT, IYPLT) 0102 0302

(6) MATRIX REQUESTS (XTXC, EIGENC)(2L1): If XTXC is F, no matrix calcula-
tions are executed. If it is T, than an X'X,X'X deviation and a correlation
matrix of all the NOTERM + NODEP terms appearing on the TERMS card are
computed. If EIGENC is T, then the eigenvalues and eigenvectors of the sub-
matrix corresponding to the independent terms (the first NOTERM terms) are

calculated.
(7) DATA: Same usage as in NEWRAP.
An illustrative set of input is given, followed by the corresponding sample of output
and a main program listing. The subprograms TRIANG, RECT, and EIGEN are re-
quired and are the same as in NEWRAP.

15 SAMPLE CRSFLT PRUBLEM
DATA IS FROM  DRAPER AND SMITH
APPLIED REGRESSION ANALYSIS (KEFERENCE 4 OF NCWRAP REPUPT)
CHAPTER 7
INITIAL MODFL EW WAS
Y= CHAMBER PRESSURE
X1l= TEMPERATURE 0OF CYCLE
X2= VIBRATIUN LEVEL
X3= DROP(SHOCK)
X4= STATIC FIRE
Y = BC + RB1X1 + B2X2 + B3X3 + 84X4 ¢+ ERR

77



THE FOLLUANING TERMS ARE BEING CREATED FOR RESIDUAL PLOTS

1 x1 Z X2 3 X3 4 X4

5 X1%xX2 6 X1#%X3 7 X1#*X4 8 X2%X3

9 X2% X4 1 X3%X4 11 Y{PRED) 12 UNIT NO.
13 RESIDUALS

6 1 12 24
13
€1l62€36465666768B66TNT1T7273
PLOOOGT 2020000061 Q300GC621M4DCCC63050C0N64060NCOTINTACCLTICLID262650172626671226467

N2026363M2026469N30264T70
G5 (BXeF2eMe2Xe4Fbe00/6Xe2E1648)

12
f11302130313C413C513C6130713081309131¢1311131213
TE
UNIT NO. 1 -75 n f 65 le4
1 -N.3655C4TPE+G1  Co5C5504TRE+CL
2 175 c € 150 2643
2 -N.763319C2E+00 0.27M63319E+02
7 ( 0 =65 15C 29.4
3 0.23366811E+01 C(,27063319E+02
8 n L 165 =65 9.7
4 £.4644953CE+C1  C.50550470E+01
9 n n 0 15C 32,9
5 N.58366811E+01 (.27C63319E+02
10 -75  -75 € 150 2644
6 [a5M664449E+0C (425893355E+02
11 175 175 C  -65 Bud
7 .61503B99F+00 (.77849610E+01
14 -75 =75  -65 150 28.4
B 0.250664456+01 C425893355E+02
15 175 175 165 =~65 115
9 0.3715036CE+C1 .7784961PE+L1
18 n 6 -65 -65 1.3
1N - .37580479E+01 (. 5M55C4TCE+CL
19 n ¢ 165 150 21.4
11 -0.5€633189E+01 N,27063319E+r2
20 N =75 —65 -65 N.4
12 -0.34R50838F+C1 (.38850838E+C1
21 6 175 165 15C 2249
13 -1.63932328E+01 (0 29793233E+C2
24 " 0 r-65 3.7
14 —NJ1355C4T0E+0L [ .5055C4TNE+C]
3 a =15 £ 157 2645
15 La6U664439E+0C (4258933556402
5 n o -75 £ 150 2344
16 -N.24933555E4C1 (.25B893355E+(2
16 - ro15¢ 2645
17 D.6NEELL43FE+NC (4 25893355E (2
4 N 175 P -65 5.8
18 ~0.19849617E+01 (. T7849617E+C]
6 no175 r -65 Tea
19 -0.3B4561CLE+CC  (  TT84961CE+C1
17 o 175 N =65 5.8
20 —N,1GB4961CE+01 €.T7784961NE+C1
12 r =75  -65 =15 2B.8
21 1e29066443E+N1 €.25893355E+(2
22 N =75 =65 =150 2644
22 .57 664449F+(.C £,25893355E+(2
13 A175 165 -65 11.8
23 G.40150389E+C1 0.7784961LE+ ]
23 ro175 165 65 1l.4
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$IRFTC CRSPLX

COMMON/BL/ X(99)4yCUN(99) ¢ SUMX(TO) o SUMXX{2485)yALT2,7M)
Xe XDATA(L2G0Y )

COMMION/B2/ AMEAN(TO ) o XSTDOTC ) o SUMX2 (TC ) y NTRANS.NCON(2PD ),
X NTERM(T7I)NTRAN (15€C) ,NXCOD(15C})

UIMENSIUN [DENTU13) o FMTI1I3)FMTTRI(14),CORRI{1) + FMYSGL(3)
DATA{FMTTRIC( )+ I=1,3)/6H{Y1H [6,6H+8G1l542H6} /
DATA(FMTSGLET) o+ I=143)/6H()H 16+6H+8G15e¢2H6) /

LNGICAL XTXC+EILIGENC

FQUIVALENCE {(CORR.A}

DATA ICHAR(Z2Y/6H VS /

COMMON IXPLT(40D) 4 LYPLT(4CC)

DIMENSTUN ICHAR({3)

Aok s e e o e ok 3k e e e o o o e o e 3 o e o e ok ok o ok ook ok ok ok o e o ok ok e o ook koo ok ok ke koK o ok ok Aok o ok

(o

1

1ne
113
115

120

?2¢

250

255

3¢

READ(5.,110) [, IDENT

wRITE(6.,111) INENT

0o 100 J=1,16863

X(J)=0N

CONT INUF

IF(1)120,12¢1,115

RFAD(S.300N) FMT

WRITE(6s301) FMT

{=1-1

GO TO 113

READ{5.112) NOVAR,NUDEPNOTERM,NUOB

WRITF{ 6,305 INIVARCNODEP «NUTERM,,NUOB
MVTERM=NUOTERM+NODEP

L=MVTERMANUOB

IF(LaGTL1200C) GO TO 1920

READ (5,282) NTRANS.,KCNND
[F(NTRANS)28¢,255,22C

READ(5+237) (NTERM(K) 4K=14sMVTERM)
WRITE(6+235) INTERM{K ) sK=14sMVTERM)
READ(S.230)V(NXCODCE) o NTRANCT ) o NCON(2%1-1) yNCON{2%I)4I=1,NTRANS)
WRITE( s 240) (NXCUDL T) o NTRANCTI ) yNCON(2%1~1) ¢ NCON(2%1)4I=1yNTRANS)
[FIKCNNO]) 25%,255.25C
READ(5,260 ) (CON{T )+ I=1 KUNNG)

WRITF{64262) (CON(L)s1=14KGNNO)

KEAD(5.3N00) [UINFMT

WwRITE( 643701 TUIN,FMT

RFAD({5,282) NOPLTS

TF(NGPLTS.LELN) GO TO 32

IFINOPLTS.5T3C0) GO TQ 2000

READ(5.230) (IXPLT(I)eIYPLT(I)eI=1,NOPLTS)

WRITE(645G00) (IXPLT(I)eIYFLT{[),I=1,NOPLTS)
CONTINUE

READ(5.,4000) XTXCoEIGENC
NDRD=NOVAR +NCDEP
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340

RNOOB = 10 /FLOATINGOSB)

D0 696 J=1,NM008
READIITUINGFMT) (X(1),I=1+NDRD)
TFINTRANS) 450452340

CaLL TRANS

N0 43N K=1,MVTERM

I= NTERM(K)

X{KI=CON(T)

430 CONTINUF
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450

6006
610
626

650
690

7n0

710G

718

720

900

80

CONT INUE
[F{NUTLXTXC) GO TO 620
IR=0
D0 610 [=1.MVTERM
SUMXET) =SUMXx(i) + X{I)
DO 600 1I=1,1
IR=IR+1
SUMXX{ IR )= SUMXX{IR) + X{(I)}%X(II}
CONTINUE
CONTINUE
CONTINUE
IA =J-NDOB
DO 650 I=1,MVTERM
IX = [a + [%*NOOB
XOATACIX)I=X(1I)
CONTINUE
CONTINUF
iF(.NOT.XTXC) GO TO 720
WRITF(6.101G)
CALL RECT(NOOB+MVTERM NOUB yMVTERM, XDATA,FMTSGL)
WRITE(6.1020)
CALL TRIANG(SUMXXeMVTERM+8+FMTTRI)

[R= 0
DO 70N [=1.MVTERM
fR= IR+1

SuMx2( Iy= SUMXX({IR) =SUMX(I)**2%RNOOH
XMEAN{I)= SUMX(I)%RNOOB
{R=1
DO 710 J=1.MVTERM
DO 710 K=1.dJ
SUMXX{ IR )= SUMXX(IR) — SUMX(K)*SUMX(J)*RNGCOB
CORR(OIR) = SUMXX(IRD)}/Z SQRTESUMXZ2(J)*SUMX2(K) )
IR={R+1
CONT INUE
WRITF(6,1025)
CALL TRIANG(SUMXX«eMVTERMyB+FMTTRI)
WRITE(6,1030)
CALL TRIANG{CORR MVTERM,ByFMTTRI)
I+ ( .NOT.EIGENC) GO TG 720
CALL EIGEN{SUMXX+sA+NOTERM,C)
WRITE{64.1040)

J= 0
DO 718 I=1.NOTERM
J= Jd+ 1

SUMXX{T)=SUMXX(J)
WRITE{6,1050 ) (SUMXX{I),1=1,NOTERM)
WRITE(6.1060)

CALL RECT{NOTERM,NOTERMsNOTERM+NOTERM+ Ay FMTTRI)
CONTINUE

CALL LRLEGN(IDENT:54+0v0l1+5.09Cel3)

CALL LRLEGNUIDENT(1C)+24+Crelv4e5+1el}
DO 900 K=1,NOPLTS

ITCHAR(L)=IXPLT(K)

[CHAR(3)=IYPLT(K)
IS1={IXPLT(K)-1)*NOOB+1
[S2={IYPLT(K)-1)*NOOB+1

CALL LRCNVT(ICHAR(1)s15ICHAR{1)4146.C)
CALL LRCNVT(ICHAR(3),1,ICHAR(3)}s1+6,0}
CALL LRTLEG(ICHAR,18}

CALL LRPLOT(XDATA(ISY),XDATA{IS2),NOOB)
CONTINUE

GO TO 10



10 56
G5
pigisld

2045
110
111
112

Lnun

5G0C
3un
3Nn1
305
282
230
235
24t
7 6(
262

1¢1¢
1c2r

1225

1030

11: 41

1050

106f€

3G
arg

WRITEF(6eG5)L
STOP
FNRMATI62H THE REJUIKED NUMBER OF LOCATIUNS EXCEEDS THE 120rf AvaAl

XLABLE I8)

WRITE{6,2005) NOPLTS

STOP

FORMAT(25H MAX NO. OF PLOTS IS 360 18)
FORMAT(I2,1346)

FORMAT(1H1+123A6)

FORMAT(31441%)

FORMAT(2L1)

FORMAT (LHK/(15(1Xe1241Xs1242X)))

FOKMAT (13A6462)

FORMAT(1H 1346,A2)

FORMATILH  316)

FORMAT( 214)

FORMAT(4012)

FOKMAT(LLIH TERMS ARE /7 (1H 3014))

FORMAT (25H THE TRANSFORMATIONS ARE  /(LlH 5(41445X)))
FORMAT( S5E15.7)

FORMATI19H TrE CONSTANTS ARE /{{1H 86G15.71)))
FORMAT(16H1THE DATA MATRIX )

FORMAT{26H2THE X TRANSPOSE X MATRIX )

FORMAT(32H X TRANSPOSE X DEVIATIONS MATRIX )
FOKMAT(?3H?THE CORKELATION MATRIX )

FORMAT (46H2FCLLOWING ARE EIGENVALUES OF X TRANS X MATRIX)
FORMAT(1H 8G1647)

FORMAT(53HKF IGENVECTORS BY COLUMNS IN SAME ORDER AS EIGENVALUES)
FURMAT(I2,1326)

FORMAT(IH [€,2Xe13A€)

FND

$IRFTC TRANSX

SUBROLTINF TRANS
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CUMMON/ZBL/ X{99) +CUNI GG}, SUMX{TC) s SUMXX (2485 ), AL7N,TN)

XeXDATA(1200G0)

ol oNe el alkelelaelleReleliel

e 3
-

COMMON/B2/XMEANCTO) +XSTO(TC) o SUMXZ2{TG) » NTRANSNCON(37D),
X NTERM(7D) «NTRAN (15C)NXCOD{150)
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THIS SUBROUTINE PERFORMS TRANSHORMATIONS IF THIS OPTION IS

REQUESTEC,
K TRANSFORMATION SET NUMBER.
NCON(? #*K~1) CONSTANT NUMBER TU USE.
NCUN{?2%K) DERIVED CUNSTANT.
NTRAN{K) NUMBER OF TRANSFORMATION REQUESTED.
NXCOD(K) VARIABLE NUMBER

N 570 K=1«NTRANS

T=NCON(2%K=1)
IF(IILPD, 100,110

127
128
129
12
121
132
123
134
135
136
1327
128
139
140
141
142
143
144
145
146
147
148
149
150

151
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17

11r
127

1 4¢

15¢
1 6t
17¢
187
190
20
2
224
23n
240
250
26
27"
28

29r

350
360
37
38
39¢

L1y

82

CIINS = 4t

Gu Ty 120

CUONS=CONT)

I=nXCOD(K)

y=x{1}

MTRAN = NTRANK)
IFIMTRANGLEST ) MTRAN=32

Gl TNL1I5MN 0 16N VTN 1 8L 190 4 200 3 210 2202423042647 4250 426N 427742874297
X300 (3100326 4 237,340 3350 ,367 (3T 438Y 2397 ,4N0N0,41F 44217 4437 ,440,
X 442,45 ) s MTRAN

CUNS=Y+(CUNS

GO T 464
CONS=Y%CONS

GO Tu 46N
CUNS=CUINS/Y

6O T 460
CONS=FXP(Y)

GO T 46n
CONS=Y%x%xCONS

GO T 460
CONS=ALOGIY)

GO TO 460
CONS=ALOGIN(Y)
GO T 400
CONS=SIN(Y)

GO TO 460
CONS=COS{Y)

GO Tu 460
CUNS=SIN{3.14159265%((CCNS*kY) )
GO TU 460
CONS=CUS{3.14159265%(LGNS*Y) )
GO TOH 460
CONS=1.0/Y

GG T 460
CUNS=EXP{LCONS/Y)
GO TO 460
CONS=FXP{CONS/Z(Y%Y) )
GUu TO 460
CUNS=SORT(Y)

GO TO 469
CONS=1.0 /SURT(Y)
GO TO 460
CONS=CUNS¥x®Y

GO TO 461

PCONS=1 N NkkyY

GO TO 460
CONS=SINHI{Y)

GO TO 460

© CONS=CNSH(Y)
GU T 40N
CUNS={1a"=COSI{Y)) /2"
GO TO 46N
CONS=ATAN{Y)
GO TO 46

CUNS=ATAN2{Y/CONS)
GO TN 460

LONS=Y*xY

GU T 467
CUNS=YXRYXY

GO T 46N
CUNS=ARSINISURT (YD)
Gl TO 460



416 CONS=2.0%3.1¢159265%Y
60 TQ 460
CONS=1.0/(2.C%3.14155265%Y)
GO TO 460
CONS=ERF(Y)

GO T 460
CONS=GAMMALY)

GO ¥n 4860

CGNS=Y /CONS

GO TO 460

CONS=Y

I =NCON(2%K)
IF{11470,470.480
CON(K } =CONS

GO T¥O 500
CON(I)=CONS

IF([-60C) 510,50M.490
X(E)=CONS

CONT INUE

RETURN

END

42?20
43C
4a0
442

450
460

477
48C

49C
500

SAMPLE CRSPLT PROBLEM
DATA IS FROM DRAPER AND SMITH

APPLIED REGRESSIUN ANALYSIS

CHAPTER 7
INITIAL MODEL EQ wAS
= LHAMBER PRESSURE
X1= TEMPERATURE OF CYCLE
X2= VIBRATION LEVEL
X3= OROP{SFOCKI)
X4= STATIC FIRE
Y =
THE ENLLOWING

(REFERENCE 4 OF NEWRAP REPURT)

HO + B1X1 + B82X2 + B3X3 + B4X4 + FRR
TERMS ARE BEING CREATED FUR RESIDUAL PLOTS

1 x1 2 X2 3 X3 4 X4
5 X1%Xx2 ) X1#%X3 7 X1%X4 8 X2%X3
9 X2% X4 1c X3%X4 11 Y{PRED) 12 UNIT NO.
13 RESITOUAIS
L 1 12
24
TERMS ARF
61 82 63 64 &5 66 67 68 69 TC 71 72 713
THF TRANSFORMATIONS ARE
1 4 n 12 2 o ¢ 61 3 [ c 62 & " r
6 ¢ n 73 7 (o} c 71 1 2 62 65 1 2 €3
2 2 63 68 2 2 64 566G 3 2 64 TC
5 (BX+F2a042X04F6.0/6X¢2E1648)
113 2 13 313 4 13 513 13 713 813 9 13 ir 13
THF CATA MATRIX
1 -75.00000 c ¢} -65.07000 c
2 175.0:000 r o 180, 0070 °
3 4] n —654,00NNf 150, N0 4
4 [ r 1E5. 1000 -65,C0000 r
5 a ¢ o 150.00727 <
6  =75.00000 -715.0r00N 0 150,0070 =75%.,1027
7 175.0nN0 175.0C¢0C o -65,0rN00" 1925,00°
R —75.00000 -75.0nc00 —-65.00r00 150.0020 ~1N5r ("
9 175.1 000 175.c0rC le5.n000 —65,0N27 2625.00 "
10 n C -65.00000 ~65.PC070 n
11 [\l " 165.0000 150,000 ¢
12 a -75.c00nC —65.0000C —65.00N" " ~15"", "
13 [ 175.0100 165.200C 150,000 3675.0 07
14 n o] a -654M"CTN o
15 1] ~75.00r00 o 150,007 -225.00 07
16 [+] =75.000CC o 150,700 -375.0077
17 n ~T5.CCCQ0 r 1507000 =120 .nrr
18 n 175.cc0C o -65.00000 TC2.0007
14 0 175.c00C o —65.070N0 1r5r .00
’20 o 175.0C00 o -65.0"035C 2975.007
21 (o] ~75.c0000 —65,00000 -15n,rN70 ~9re,,crn”
2? n -75.00CNC -65.N0P0C =150,FC2C =165P,.00"
23 [} 175.0000 165.C00C —65,Mrr0T 2 2275.7°07
24 [ 175.001C 1Le5.000" ~65.r0N70C 4025400 °
1 4875.000 -n 5055047 1.7r02a2 ~3.655747
? 26250.00 c 27.N6332 2.00000C —C.T753219
3 n ¢ 27.76332 T.CrC2I0 2.326681
4 -n -0 5.055C 47 8 NFEINT 40644952
5 [ c 27.06332 Qe NN S.82€€81
6 =11250.00 ~11280.CP 25.89%35 ir.reeee [ S-S YT
7 =-11375.00 -11375.nC 7+7849561 1l.0nn 2 r.615F39
8 =—1l25nr.cn -1125C."C 25.H93135 l4.r0000 257 6F04L

= n
N

1113 1z

n
n
—455,rere

1320,0010
P

.
"

-91n,nrre
2675, 0 0"

R LT
3135,000

BERLMLLY
3465,77"
2

R R B )

78, rrrr
-1438,000
2145, "
EYRTLE

h4
67

R A rAR -
&R

arn, nepe -
17577 -
_Rr Anan ~
1aga, ~rn -
18, A -
~715,77 0" b

21An, ~rn

2an~ rrn
2K, T

-qT5,~nrs 28978, " "
-117R,0er -

285" nrn -
—1anm e -

2157, r" -
~1547,n0r -

45~ s -

FEn Anne ~

EET R Y -~
S R T

-1877, 7" -7
—22nn, ron -
-BL5, """ °
—1495, rF" -

83



THE

THF

9
e
11
12
13
14
15
16
17
18
1s
2¢
21
22
73
24

-11375.00
-r
r
-0
0
-
r
n
n
-n
-n
-
-n
-n
-n
-0

~=11375.00
-r
[
4875.00C
2625C.NC
-C
-11250.C0
-1125C.0C
-11250.70
-11375.00
-11375.00C
-11375.0¢C
1125C.00
1125C.0¢0
-11375.00
-11375.,0¢

X TRANSPOSE X MATRIX

1 108 750.G
2 72500,00 2900(C.0
3 33750.00 135CC0.C
4 =14125.00 -82250.00
5 93125n0.0 Ce39425CE+CT
6 501375.17 Ce241C50E+r7
7 -50H4375.0 ~521125.C
A N, 468750E#T Co46875CE+FT
9 D.19343T7E4NT  -0e229375E4C7
10 -0.229375€+407 -C+7175N0E+(C7
11 3197, 685 565.0004
12 3r25.000 11600,0C
13 6723147 -G« 15258BE~C4
9 Na122473E+10
10 0.5119C6E+09 e 250450E+10
11 -24652.88 -692766.1
12 -508375.0 -521125.0
13 -121009.6 -26554644
X TRANSPOSE X DEVIATIONS MATRIX
1 1n5000,.0
? 62500.00 263333.3
3 26250.00 115000.0
4 -19375.00 -96250.0C
5 786250.0 0a355583E+C7
& 372750.0 0.20675CE+07
7 -513375.0 -534458.3
8 D.426562E40T Ca35625NE+CT
9 Pe211F G4E+NT -Cal82292E+C7
10 -N.12¢563E407 -Ca443333E+C7
11 -1776.064 -12398. 33
12 -725.0001 1600.CCC
13 67243146 -0.140429E-03
9 0.121642E+10
10 N, 46349%E N9 r,222262E+10
11 209527.8 67C870.2
12 -331812.5 SC700C.0
13 -121009.6 -265546.3
CORKFLATION MATRIX
1 l.0C0000
2 0.3758¢€5 1.000Cr 0
3 04194372 C.537706
4 =N.1iN681S -0.335(68
5 0.314845 a899124
&6 N.161N14 Ce 563941
7 ~-N.204556 ~N,134472
8 0.462516 243916
9 C.186784 -C.101853
10 -N,828471E-01 -0.183250
11 -C.110615 -(.487595
12 =0.659773E-01 0.919429E~-C1
13 ".129597 - a17093CE-P7
S l.n0000n0
10 n.281886 l.fCCrCO
11 fa.121241 {.287180
12 =-0.28M545 fe317122
13 =C.2161717 -(.351822

*N1* UNETNS,

84

EOF -

Te784361
5.055"47
27.C6332
3.885(84
29479323
5055047
25.89335
25.89335
25,89335
T«784561
7784961
7.784961
25.89235
25,89335
7.784961
T.784961

1887CN,C
1505C.,0C
Ne24105CE¢Q7
Ca.30882(E+N7
644525.C
Ce444T5CEFCT
=Cell4562E+07
~Ne23475CE+QT
6679,541
10290.0C
500.4591

9052.137
47784626
0.686646E-04

173700.0
4550,000
C.21205CE+D7
G.283095E+07
634525,0
Ce36D3T5E¢CT
=792500.0
-291250.0
~3267.958
279C. 000
5CCe 4590

2455.289
-195.1232
C.640825E-05

l.00000¢C
0.195028E~-"1
0. 660191
C.950764
C.196571
N.3M28%%¢
-Ce545202E-01
~F.148229E-01
-~Ce158243
0.19747¢
£a75204CE-N1

L. COn0ne
~re11612€
Q.8C780(E-T8

15,0000
18.0M20°7
19.0037°0
20,00200
21,0009
24,0000
3., 000000
S« MCAI0C
16.000C0"
4o rCCNCC
60 CCNI20
17.0003"0
12.Ccron0
224,0007C
13.00020
2300000

320700.0
~521125.0
644525,
Te3826CCE+CT
-Cel114562E+17
0a17243BE¢MT
=N.301625E¢M7
27249,98
4CC. 0000
-1023.986

49CC. 000
—-82.22644

313252,0
~724125.9
46445C,C
0e3B8190CE+CT
=G 173625E¢07
Cel9TISHE+TT
—Ne157688E¢CT
202864 74
=4857.07C
-1023,986

1150,000
—82422649

l.000p00
~Ce167853
fell6135
¢.,88M858
=C,1rg977
fa101984
-Te597516E-71
".721385
~Me255492
~fell4267

l.00R0A0
—0,151453

34715739
~3.7550 47
~5.6£3319
~3.4850 84
~6.893233
~14355747

CebT6644
=-2.493356

ra6h6e4s
~1.984961
-0,3B4961
-1,984961

2.976644

0576644

4,715M39

3.615039

Teb65rLCTE+TB
0e453525E¢( 8
“Ne175562E+C7
CeTC6TBLE+TB
-Ce315r62E+( 8
—TeT761969E+( 8
65569,14
16850C .
423.3€43

25643119

0.593633E+N8
Ce40379CE+CE
—Cal04896E+C 7
Ce564365€E4C8
“Ne246TIZE+S
~Ce364427E+"8
-126€49.2
5357°C.00
42343624

25643119

1,000
0.732277
~0.326516E-"1
£.247853
-7.918163E-01
—0,170202
~C.331€52
re2ra7c9
0.343137E-12

L PRALALAL e

REC=

reS554E28E+"8
Mo 167 ET1E+S
TebT7294E+"8
~Ne179156E+"8
—N.257269E+78
156194,1
191387,"
=1394,772

NeS1r 41T EETS
T.1588B56E+"8
Ce525591E478
-Ne118595E+. 8
MeI527B1E+ 7
~16405,03
62755,
=1394,072

leorrene
T.287088
258487
- 4T59ESE-CY
fa202176E-"1
~fe4fh020E-n]
Te25Gr 24
~f,121883E-"1

“aer

FIL=

7.599937F+r B
~rL179156E+ 8
-F.1371R1E "8

~.3770275407

271582."
-44650 0
-29917, 56

Co509R7LE+MR
~T+184781E+rg
=" 124827E+78

FaS15R21E+7T

224950, 4
—-40965~ ~r
-29917,56

1, ~mmree
~" e 83223QF .
= e 60Q121Cmr
ce14Y 47E-"1
"e 584147

" e 1837 2F
-re241210

PR

" ASTSI1F+"a
-, 183297F+ 0
~".282207E479

a51r2n,a

EM1a7e,r

AACTCLIN

"LBLNNTRERRA
~"e262424F4 0
~"e267622F 4" 0
=278526."

T9ErA, A

110491 ,4

[ PSP
P YYSRE-!
109458

.
.
.
s 1LT7REN
°
.

A2ILTIE-" Y
TE227%



CREDUC PROGRAM

In optimum -seeking experimentation involving many independent variables, quadra-
tic response surfaces are often used. A development of the most important aspect of
the design and analysis of response surface experiments can be found in Davies (ref. 9)
and Box and Hunter (ref. 10). A discussion of the interpretation of a quadratic surface
fitted to a large experiment is given in reference 11.

The general form of a quadratic surface is given by

y=b0 +b'X +X'BX + €

X4
=b0+(b1, bz, o o« sy bp)
Xp
1 1
b =b =~b X
11 P12 5 P1p 1
1 1
+(X1,...,X) . +€ (26)
p . .
bpp Xp

The analysis of such an equation is simplified by two calculations: (1) the calcula-
tion of the stationary point of the surface and (2) a transformation of axes to new inde-
pendent variables which changes the B matrix to a diagonal matrix.

The stationary point of the surface is the solution XS to

ﬂ:o i:l’p

axi

The transformation of the axes is given by the computation of the orthogonal ma-
trix P which reduces B to a diagonal matrix; that is,

85



P'BP =
-0 by
p
The A; are thé eigenvalues of B. The new variables are given by

Z =P'X

where P is the matrix whose columns are the eigenvectors of B. If two successive
transformations of the variables are made as follows:

W=X- Xs
Z =P'W
then equation (26) becomes
y-Yg= AIZ% + xzzg +.. .+ Ang (27)
where
Vg = by +b'X + XIBX (28)

From examination of equation (27), some general conclusions can be drawn concerning
the attainment of a maximized response. For example, consider just two of the possible
results.

(1) Suppose all the )\i =0 and XS is near or in the region of X at which the ex-
periments were performed. Then clearly any deviation of Z from Z =0 will decrease
the response. Thus Z = 0 (or equivalently X = XS) is a maximum and is the combina-
tion of independent variables the experimenter seeks.

(2) Some Ay < 0 and some A > 0, and X is close to the region of experimenta-
tion. Thus XS represents what is sometimes called a saddlepoint. Moving in some
directions will cause a decrease in y and moving in other directions will cause an in-
crease in y. Thus the experimenter could move from Xs in the direction that corre-
sponds to the direction of the Z which has the largest positive coefficient in equa-
tion (27). This will increase y most rapidly from the value of Vs
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Figure 8. - Sample CREDUC input

The INPUT (Sample input is shown in fig. 8) is as follows:

(1) Identification: One card, all 80 columns.

(2) The number of independent variations JFAC. (I4) (JFAC must be less than
equal to 15)

(3) Variable Format. One card, all 80 columns.

(4) by (according to FORMAT in item (3)).

(5) by o v s bypAC (according to format in item (3)).

6) Dby g

b, arac  Pp grac ¢ - - PIFAC,IFAC



One READ statement for each line, according to the format in item (3). As an ex-
ample, consider the following estimated equation:

2
+b11X1

2

2
+b13X1X3 +b23X2X3 +b33X3

2

2
+b15X1X5 +b25X2X5 +b35X3X5 +b45X‘1X5 +b55X5

y = 147. 2686 - 8.989120 Xy - 6.817975 X4 - 14. 60964 Xg + 9.248688 X4+ 14. 19698 Xy

+1.805520 X3

2
-2.126719 XX, -1. 475730 X5

2
-7.314218 X X4 -16. 10219 X2X3 +2. 274270 Xa
2
+1. 310780 X1X4 -2.477188 XgXy -1. 289688 XaXy +2. 236770 Xy
2
+2. 664464 X X5 +1. 827434 XoXp +2. 389934 XoXp +6.014934 X X5 -12.58198 Xe

A canonical reduction of this is given in the sample output. The listing of the main pro-
gram is supplied. The suobprograms TRIANG, DGELG, EIGEN, and RECT are required.
TRIANG and RECT are as in NEWRAP. DGELG and EIGEN are the double precision
general linear equation and eigenvalue routines from reference 12.

$IBFTC CRFDJC

DIMEZNSION BL{15), BS(105)4BLSAVE(15),BSAVE{105),FMT(14),XIN(225)
DOUBLE PRECISION BL,BS,BLSAVE.BSAVE,XIN,BZERO,YS
DIMENSION SBL(15),5BS5(225) P FMTTRI(14)
DATA(FMTTRI(I) +I=1+4)/6H(5H ROs6HW I592+6HXs (8G1y6HS5.6)) /
999 READ (5,1001) FMT
WRITE(5,1002) FMT
READ(5,1003) JFAC
WRITE(641004) JFAC

~N W
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40

50

140
150

160

200

READ(5,1001) FMT

READ(5,FMT) BZERO
WRITE(641C05) BZERO
READ{5,FMT) (BL{I},I=1,JFAC)
[E=0

DO 5 I=1,JFAC

IE=I1E+I

IS=1£-1+1

READ(5,FMT) (BS{K),K=IS,IE)
DO 4 <= IS,IE

BSAVE(K}=BS(K)

SBS(K)= SNGL{BS(K)})
BLSAVE(I)=8L(I)

SBL(I)= SNGL(BLI(I))}
BLII)==-BL(I)

CONTINUE

LENGTH = JFAC*(JFAC+1)/2
WRITE(5641006)
WRITE{6,1007)(SBL{I),I=14JFAC)
WRITE(6,1008)

CALL TRIANG(SBSyJFAC+8,FMTTRI)
IJ=1

XIN{1)= BS(1)#2,000

DO 50 I=2,JFAC

Il= 1-1

[IK=1I

114 = JFAC=I1

DO 40 J=1,I1

IJ= 1J+1
BSAVE(IJ)=0.50D0+8S(1J)
XINCITK)=BS(I1J}

IIK=TIK+JFAC

I1J= I1J+1

XINCITJ)= BS{I1J}

CONTINUE

I1J=11J+1

IJ= 1J+1
XIN(ITJ)I=2.0D0=BS({1J)
CONTINUE

EPS=1.,0E~10

CALL DGELG(BLyXIN,JFAC,1,EPS,IER)
IF(IERWNELC) WRITE(6,1009) IER
WRITE{6,1010)

WRITE(6,1007) (BL(I),I=1,dFAC)
1J=0

YS= BZERO

DO 153 I=1.,JFAC
YS=YS+BL{I)*#BLSAVE(I)

DO 140 J=1.,1

1J= 1J+1

YS= ¥S+ BL(I)}*BL(J)*BS (1J)
CONTINUE

WRITE(5+,1011) YS

1J=3

DO 163 L=1,LENGTH

IJ=1J¢1
SBS(IJ)=SNGL{BSAVE(IJ))

CALL EIGEN(BSAVE.XINsJFAC,0)
1J=2

00 200 I=1,.,JFAC

1d=1J+1

BL(I)= BSAVE(IJ)
WRITE(5,1012)

WRITE(6,1007) (B8L(I)},1=1,JFAC)
WRITE(6,1013)

JJ=JFAC*JFAC

00 210 I=1.JJ

10
11
12

24

84
86
87
88

120

89



2130 SBS{I)= SNGL{XIN(I))

CALL RECT(JFAC+JFAC, JFAC,JFAC,SBS,FMTTRI) 148
GO TO 999

[ X Y R T Ry R Yy N e st L ]

C

c

1001 FORMAT(13A6,A2)
1002 FORMAT(1H1 13A6,A2)
1003 FORMAT(I4)

1004 FORMAT(1H I4)

1005 FORMAT (24HKTHE COEFFS ARE BZERD G16.8)
1006 FORMAT {24HK L INEAR )

1007 FORMAT(1H 8G16.8)

1003 FORMAT (24HK SECOND ORDER )

1009 FORMAT (51HKTHE SOLUTION FOR STATIONARY POINT MAY BE INCORRECT /
X 6H IER= [3)

1010 FORMAT(26HKTHE STATIONARY POINT IS )

1011 FORMAT (20HKTHE VALUE OF YS IS G16.8)

1012 FORMAT (14HKEIGENVALUES )

1013 FORMAT (14HKEIGENVECTORS )
END

SAMPLE CANONICAL REDUCTION PROBLEM
5

THE COEFFS ARE BZERUO 147,268600
LINEAR
-8.989123501 ~6.81l797498 -14.6096400 9.24868798 16.1969800
SECOND ORDER
ROW 1 1.805520
ROW 2 -2126719 -1.475730
ROW 3 -7.314218 -16.10219 2.274270
ROW 4 1.3.0780 -2.477188 -1.289688 2236770
ROW 5 2.664464 1.827434 2.389934 6014934 ~-12.58198

THE STATIINARY POINT IS
3.0581152% -1.96462563 0.12068067 -3.89057544 ~0.93711068E-01

THE VALUE OF YS IS 120.58927%

cIGENVALUES
943598630 3.75144443 1.20220299 -8.,09779024 -13.9568675

EIGEMVECTURS

ROW i -0.3001¢C8 0.519711 0.750815 0.238709 -0.138316
ROW 2 =-0.549544 -0.275150 ~0.293631 0.690293 -0.244071
ROUW 3 0779700 0.809764E-02 0.804860E-01 G.577909 ~0.227038
ROW 4 ~-0.219489E-02 0.79C049 -J0.582318 ~0.228827E-02 -0.191618
ROW 5 0.1C5615E-02 0.173062 =C.669725E-01 0.364045 0.9127C7

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, January 25, 1972,
132-80.
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APPENDIX - BORROWED ROUTINES

Some of the routines used in the programs were taken from the literature. Both
INVXTX and TRIANG are by Webb and Galley (ref. 13), and EIGEN and HIST are from
the IBM programmer's manual (ref. 12), as are DGELG and the double precision version
of EIGEN.

Listing of INVXTX and TRIANG are given here, as follows:

$IBFTC TRIANX

SUBROJTINE TRIANG(A,B,NN,NKOL,FORMAT,I1) 1
DIMENSION FORMATI(1) 2
DIMENSION A(l) »B(1) 3
DOUBLE PRECISION B 4

1 FORMAT (1H1) 5
3 FORMATI(1H /lH /1lH ) 6
COMMON/SMALL/DUM(15),LIST T

N = NN 8
NCOL = NKOL 9
KLUMPS = N/NCOL 10

c 11
KEEPTR = O 12

K1 =1 13

K2 = NCOL -1 14

K3 = NCOL 15

IF (KLUMPS .EQ. 0) GO TO 120 16

C 17
DO 90 KLUMP=1,KLUMPS 18
ITRL = KEEPTR 19

I = -1 20
ILO = (KLUMP-1)=NCOL + ITR1 + 1 21

DO 30 K=K1,K2 22

I =1 +1 23
ITRT = ITRL + K - 1 24
ILO = JLO + K -1 25
IHI = ILO + I 26

GO TO (264+28),11 27

26 WRITE(LIST,FORMAT) K, (A(J),J=ILO,IHD) 28
GO TO 30 29

28 WRITE(LIST,FORMAT) K, (B(J),J=ILO,sIHI) 30
30 CONTINJE 31
KEEPTR = ITR1 + K2 32

DO 60 K=K3,N 33
ITRI = ITR1 + K -1 34
ILO = ILO + K -1 35
IHI = ILO + NCOL -1 36

GO TO(56,58),11I 37

56 WRITE(LIST,FORMAT) K, {(A(J}yJ=IL0yIHI) 38
GO TO 60 39

58 WRITE(LIST,FORMAT) K, {B(J)sJ=ILO,IHI) 4G
60 CONTINUE 41
K1 = X1 + NCOL 42

K2 = <2 + NCOL 43

K3 = <3 + NCOL 44

90 WRITE(LIST,3) 45
c 46



120

146

148
150

180

ITRL = KEEPIR

IF (KL .GT. N) GO TOD 180

I = -1

ILO = KLUMPS#NCOL + ITR1 + 1

DO 150 K=K1,N

I=1+1

ITR? ITR1L + K - 1

ILO IL0 + K -1

IHI = ILO + [

GO TO (146,1481,11

WRITE(LIST,FORMAT) Ky (A(J)+J=IL0s1IHI)
GO T0 150

WRITE(LIST,FORMAT) Ky (B(J)sJ=ILOsIHI)
CONTINUE

RETURN
END

$IBFTC INVXXX

OO OO0

50

60

70

92

SUBROJTINE INVXTX{As NN, Ds FACT)

ASSUMES THE MATRIX A IS SYMMETRIC AND PDSITIVE DEFINITE, AND ONLY
THE JPPER TRIANGLE IS STORED AS A ONE-DIMENSIONAL ARRAY IN THE
ORDER Aflel)y A(192)y A(292)y A(143)y A(233)sy A(343)y eeaey A(NyN).
NN IS THE ORDER N OF THE INPUT MATRIX A.

D IS (ON EXIT) THE DETERMINANT OF A, DIVIDED BY FACTOR#=NN.

DIMENSION A{1)

DOUBLE PRECISION A,PV,F
N = NN

ITRL = O

DO 145 K=1,N

ITR1 = ITR1+K-1

KP1 = K+l

KMl = K-1

KK = ITR1+K

PV = 1.0D0/A(KK)
ITRZ = O

IF (K-1) 150,80,50

REDUCE TOP PART OF TRIANGLE, LEFT OF PIVOTAL COLUMN
DO 50 J=1,KM1

ITR2 = ITR2+J-1

KJ = ITR1+J

F = A(KJ) =PV

D3 60 I=1,J

IJ = ITR2+!I
IK = ITRL + I
A(IJS) = A(IJ) + A(IK)=»F

IF (K-N) 70,120,150

REDUCE REST OF TRIANGLE, RIGHT OF PIVOTAL COLUMN
ITR2 = ITR1

VNV HWN =



80

90

95

100
110

120

125

130

135

140
145

150

DO 110 J=KPLlsN

ITR3 = ITR1

ITR2 = ITR2+4J-1

KJ = ITR2+K

F = A(KJ) =PV

DO 100 I=1,J

IF (I-K) 90,100,95

IJ = ITR2+]

IK = ITR1 + I

AtIJ) = A(IJ)} - ALIK)=F
GO TO 100

IJ = ITR2 + 1

ITR3 = ITR3 + 1 -1

IK = ITR3 + K

A(IJ) = A(IJ) - ACIK)=F
CONTINUE

CONTINUE

DIVIDE PIVOTAL ROW-COLUMN BY PIVOT, INCLUDING APPROPRIATE SIGNS
ITR2 = ITR1

DO 14) I=1.N

IF (I-K) 125,130,135

IK = ITR1+]

A(IK) = —A(IK)#*PV

GO TO 140

(REPLACE PIVOT BY RECIPROCAL)
A(KK} = PV

GO T0 140

ITR2 = ITR2+I-1

KI = ITR2+K

A(KI) = A(KI)»PV

CONTINUE

CONTINUE

RETURN
END
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